METHOD FOR ALTERING 
THE NUTRITIONAL CONTENT OF PLANT SEED 

rrnss-Referen op fn Related Applications 

5 This appUcation is a continuation-in-part of U.S. application Senal 

No. 08/1 12,245, filed August 25, 1993, currently pending, the disclosure of which is 
incorporated by reference herein. 

Field of the Invention 

1 0 The invention relates generally to modification of the nutritional 

content of maize seed utilizing preselected DNA constructs. More specifically, the 
invention relates to the use of preselected DNA constructs to transform maize plants 
so as to alter the levels of proteins, such as seed storage proteins, e.g., the prolamines 
(zeins), in the seeds of transgenic maize plants. Thus, the invention provides a 

15 mechanism to replace nutritionally deficient proteins with nutritionally enhanced 
proteins, and/or to increase the levels of starch, in the seed of transgenic maize 
plants. 

park groun H nf fhe Invention 

20 In agriculturally important seed crops, the expression of storage 

protein genes directly affects the nutritional quality of the seed protein. In maize, the 
prolamine (zein) fraction of storage proteins comprises over 50% of the total protein 
in the mature seed. The zeins designated a-zein are especially abundant. The a-zein 
polypeptides contain extremely low levels of the essential amino acids lysine and 

25 tryptophan. Thus, maize seed protein is deficient in these amino acids because such 
a large proportion of the total seed storage protein is contributed by the a-zeins 

(Mertzetal., 1964). 

The development of breeding steps to improve maize based on the 
manipulation of zein profile is hampered by the complexity of the zein proteins. The 
30 term "zein" encompasses a family of some 1 00 related proteins. Zeins can be 



divWed ,n.o fou, structurally dts.inct types: c-ze.ns .noludc proteins v^ith molecular 
weights on9.000 and 22,000 daltons; p-zeins include proteins w,th a molecular 
weight of 14,000 daltons; y-^^ns include proteins w,th molecular weights of 27,000 
and 26 000 daltons; and 6-ze,ns include proteins having a molecular weight of 

5 ,0,000 daltons. The a-zeins are the major zein proteins found in the endosperm of 
maize kernels. However, the complexity of zein proteins goes beyond these s,ze 
classes. Protein sequence airalyses indicates that there is microheterogenieity m zem 
amino acid sequences. This is in accord wiA isoelectric focusing analyses whteh 
show charge differences in zein proteins. Over 70 genes encoding the zein protems 

10 have been identified (Rubenstein, 1982), and the zein genes appear ,o be located on 
a, least three chromosomes. Thus, the zein proteins are encoded by a mulugene 
family. 

Based on sequence and hybridization data, the zein multigene family 
is divided into several subfamihes. Each subfamily is defined by sequence 
15 homologytoacDNAclone: A20. A30, B49, B59, or B36. Hybrid-select translation 
studies which employ B49 and B36 select mRNAs that code for predominantly 
heavy class (23 kD) a-zein proteins, while A20, A30, and B59 select for 
predominantly the light class (19 kD) a-zein proteins (Heidecker and Messing, 
1986). A comparison of zein sequences in each of the subfamilies A20, A30 and B49 
20 have identified four distinct functional domains (Messing et al, 1983). Region I 
corresponds to the signal peptide present in most, if not all, zeins. Regions II and IV 
correspond to the amino and carboxyl termini, respectively, of the mature zem 
protein. Region III corresponds to the coding region between Regions II and IV, 
mcluding a region which has tandem repeats of a 20 amino acid sequence. 
25 There are several mutations known to cause reductions in zein 

synthesis that lead to alterations in the amino acid content of the seed. For example, 
m the seeds of plants homozygous for the recessive mutation opaque-2, the zem 
contentisreducedby approximately 50o/o(Tsaietal., 1978). The opa,«e-2 mutation 
primarily affects synthesis of the 19 and 22 kD a-zein proteins, causing a significant 



decease ,„ .he level of .he 1 9 kD «in fraction a.d reducing the accumula.,on of .he 
22 kD zein fraCion .0 barely de.ec.able levels (Jones e. al., 1 977). In .his mu.an., 
.here is a concomitan, increase in ,he propomon of n,ore nu.ri.ionally balanced 
proteins , e.g., albumins, globuUns and glutelins, deposited in the seed. The net 
5 result of the altered storage protein patterns is an increase in the essenttal amtno 
acids lysine and tryptophan in the mutant seed (Misra et al., 1972). 

Two other recessive mutations,/Io«0'-2 and s W-1 , result m 
increased levels of meihionine in the seed. The increased metonine content in the 
seeds oifloury-1 mutants is the result of a decrease in the zein/glutelin ratio, due to 
,0 reductions in the levels of both the 19 and 22 kD «-.ein fractions, and an apparent 
increase in the methionine content of fte glutelin ftaCion (Hansel e. al., 1973; Jones, 
,978) l.sn.ry.X mutanls, tee is a decrease in zein synthesis coupled wtth an 
increase in the methionine con.en. of the zein and glutelin fractions (Paulis e. al., 
1978). 

As demonstta.ed by .he opaqm-2.floury-l, and mgaryA mu.attons, 
reductions in zein synthesis and/or changes in the relative proportions of flte storage 
protein fiacUons can affect the overall amino acid composition of tite seed. 
Unfommalely. poor agronomic characteristics (kernel softness, reduced yteld, 
lowered resist^ce ,0 disease) are associa.«l «im fte opaque and floury mutattons. 
20 preventing their ready application in commercial breeding 

Another way .ha. genes can be down regulated in animals and plants 
mvolves the expression of antisense genes. A review of the use of anttsense genes tn 
manipulafng gene expression m plants can be found in van der Krol et al. 
(1988a-.988b). The inhibition o. expression of several endogenous plan, genes has 
25 been reported. For example, U.S. Patent No. 5,107,065 discloses down regulatton of 
polygalacturonase activ.ty by expression of an anttsense gene. Otherplant genes 
down regulated using antisen^ genes include the genes encoding chalcone synthase 
and ttte small subunit of ribulose-l.S-biphosphate carboxylase (van der Krol et al.. 
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„88c- Redeye, et al., 1988). However, .o date .here has been no desenpUon of 
attempts to use antisense technology to alter the nutntional eonten, of seeds. 

Down regulation of gene expression tn a plan, may also occur through 
expression of a parlicular transgene. This type of down regulation ,s referred to as 
5 co-suppresston »d involves coordinate silencingof a transgene and asecond 
transgeneorahomologousendogenousgeneCMatzkeandMatzke. 1995), For 

example, cosuppression of a herbicide resistance gene ■„ tobacco (Brandle e. al.. 
1995) polygalacturonidase in tomato (Flavell, 1994) and chalcone synthase m 
pe«mia (U. S. Patent No. 5.034.323) have been demonstrated. Flavell (1994) 
,0 sugges.ed,ha.muUicopygenes.orgenefamilles.musthaveevolved,oavo,d 

cosuppression in order for multiple copies of related genes to he expressed m a plan.. 

Thus, there is a need for a mettiod .o alter .he nutritional conten. of 
seeds and produce kernels witt. good agronomic characedstics. including 
mainraining kerne, hardness, yield, and d,scase res,s.ance of paren. geno.ype. 
,5 FurU,ermo,...hereisa„eedforamett,od.odecreaseexpressi„nofseeds.orage 

proteins of poor nuBitiona, qualify while inching proleins wi* higher con.e„.s of 
nu.ri«o„al,y advanugeous amino acids, such as methionine ar,d lysine. ar,d/or wh,le 
increasing ttie starch con.en. of seeds. 
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The invertion provides meftods which employ a genelically 



eng-neered. preseleCed DNA sequences or segmen.s to alter tte nu.ri.ional conlent 
of plan, seeds. Tl.e expression otsaid preselected DNA sequence results ,n an 
altered protein attd/or amino acid composition in the transgenic plant, plant ttssue, 
25 plant part, or plant cell relative .0 .he corresponding nonttansformed,,.e., 

nonmmsgenic, plan., plat« Us^ue, plan, part, or plan. cell. Preferably, the seeds of 
said transgenic plan, have an increased amoun., e.g., weigh, percen., of a. least one 
amino acid essential to .he diet of animals, relahve .0 nonttansformed, t.e., 
nonrransgenic, seeds. An increase m dte weight perccm of at least one antino acd 



essenual .o .he die. of animals, e.g., lysine, me.hioni„e, isoleucine, .OT>.ophan, or 
.hreonine, in seeds increases ,l,e nu.n.ional value of .hose seeds for animal, e.g.. 
feeds for pouHry and swine, or human consumption. 

Thus the invention provides a method which comprises stably 
5 transforming cells of a plan, wi.h an expression eassCe. The expression casse..e 
compnses a preselected DNA se,uence which codes for an RNA molecule which ts 
substantially iden.,cal (sense), or complemenlary (anUsense). .o all or a pomon of a 
messenger RNA CWf mENA). i.e., an endogenous or "native" mRNA, which is 
presen. in an nonttansformed plan. cell. Urge. mRNA encodes a plan, seed 
,0 storage protein, preferably a pro.ein which is deficient in at least one amino acid, and 
more preferably deficient in an amino acid which is essen.ial to ttie die. of ammals. 

The resuUan. transformed cells are used to regenerate fertile 
.ransgemc plants which in turn yield transgenic seeds, wherein Uie pr.selec.ed DNA 
secuence is express«l in .he transgenic seeds in an amount effective to substanUally 
,5 reduceordecrease.heamoun,weigh.pe..en.orlevelofaseeds.oragepro.em 

rela.,v= .o *e amoun.. weigh, percen. or level of said seed sforage protein presen. m 
ttie correspontog non.ransgenic seeds, e.g.. seeds of a non«ansfon„ed RO control 
plan, or corr^ponding nonrransfonned se^s isolated from toe .^nsgenic plan. The 
s«d storage ptx-tein is one which is deficient in a. leas, one ™ino acid essen.ial to 
20 thedietofananimal. Preferably, .he decrease in *e amoun. of Ote seed s.orage 
pK,.ein resuHs in an increase m the weigh, percen. of seed storage proteins 
comprising higher percenUges of nu.ntionally advantageous amino acids. Tite 
preselected DNA sequence preferably codes for an RNA molecule subs.an.,ally 
complementaiy to all or a portion of a mRNA coding for a ,9 kD or 22 kD «-zem 
25 protein. A reduction in seed storage proteins, e.g.. the «-zeins. may be accompanied 
byadecreaseinthedegreeoflcemelhardness. Hardness of the kernel may be 
eritanced in these cases by modification of the kernel phenotype as described for the 
o^,ue.2 mutation (Lopes and Larkins, ,991) or by genetically modifying plants to 
increase the levels of certain endosperm proteins such as the 27 kD Y-«m. 



The genetically engineered DNA sequences of the invention are 
-prcselecled" ,n that the coding regions contained therein have been isolated ,n ..,ro. 
and tdenttfied at least functionally^ Thus, a "preselected" DNA is a DNA sequence 
or segment that has been isolated from a cell, purifed, and amplifted. The ehotce of 

5 the preselected DNA sequence will betased on the ammo actd composttion of the 
polypeptide encoded by the sense strand of a preselected DNA sequence, and 
preferably, the ability of the polypeptide to accumulate in seeds. Preferably, the 
number of said coding regions has also been ascertained. Also preferably, the 
isolated DNA molecule is "recombinant- in that it contains preselected DNA 

,0 sequences from different sources which, preferably, have been linked to yield 

chimeric expression cassettes. The preselected DNA sequences are preferably about 
2-3 kb. 

The invention further provides a method to increase the starch contem 
of a plant, plant part, plant tissue or plant cell. The method comprises stably 
1 5 tr^sforming cells of a plan, with an expression casseUe. The expression casseUe 
comprises a preselected DNA sequence coding for an RNA molecule substanttally 
identical, or complementary, to all or a portion of at leas, one mBNA coding for a 
plan, seed s.orage protein. Preferably, ttre preselected DNA sequence is operably 
Hri^ed to a pr„mo.er functional in a plan, and/or seed. Transformed cells axe used .o 
20 regenerare fertile transgenic planu and seeds. The preseleCed DNA sequence ,s 
preferably expressed in .he transgenic seeds in an amount effective .o decrease ,he 
weigh, percen. of seed stooge protein in .he n^sgenie seed over the weigh, percem 
of seed storage protein present in the corresponding nontransgenic seed. The 
preselected DNA sequence is also preferably expressed in the transgenic seeds m an 
25 amount effective to increase ttre weigh, percen. of starch in the transgenic seed over 
the weigh, percen. of s.arch present in the corresponding nonttansgenic seed. An 
increase in weigh, percen. of tire starch of seeds improves the food value of the 
seed, or its value as a souKe of starch for use in processed food products or m 



vanous .ndus.na, app„caUo„s, Moreover, an increase in s.arch con.en, ,n >ra„s«ne,c 
seeds can result in an increase in .iresrareh recovered from .hose seeds^ 

AUo pn^vided is a metirod to rnlribi. a family or subfamily of seed 
,„.ge prorerns. Seed storage proteins such as the .em protems of matze are 

5 encoded in a multrgene family. Porttons of the ammo acd sequence of, and DNA 
scuenees encoding, seed storage protetns in a grven family share amino acd an 
DNA secuence homology, respecttvely (termed ••famriy-specifrc sequences). Ofter 
portions of the amino acid sequence of, and DNA sequences encoding, a zem seed 
storage protein in a subfamily share amino acid, and DNA, sequence homology, 

,0 respectively, with one another (termed ■•subfamiiy"-spec,fic sequences). A 
prese.ec.edDNAsequenccco.Tespond,ngtofamily-,orsubfamily-,spec,fte 

sequences can be employed to inhibit the production of a family or subfamtly of zem 
proteins. An expression cassette is provided which comprises apreselected DNA 
sequence encoding an RNA molecule which is substanttally identical, or 
,5 complemcntary.toaUoraportionofamKNAthatissubstantiallyhomologousm 
seqnenceamongmembersofafamily or subfamily of zemproteins-Theexpresston 

cassette which compnses the preselected DNA sequence is then introduced mto plant 
cells. whichareregeneratedtoyieldtransgenicplantsandseeds. Thet^nsgenrc 
seeds are characterized by substantia, inhibition of a preselected family or subfamrly 
20 of seed storage protein, m a preferred embodiment, the preselected DNA sequence 
encodes an RNA molecule which is substantially complementary to all or a portron 
of a mRNA coding for a 20 amtno acid sequence which is present in multiple, 
landem copies in the A20 subfamily of the a-zein proteins. 

Another embodiment of the invention comprises plartt cells, plant 
25 tissue, plant parts or pl^ts stably tiansfomred with at least .wo preselected DNA 
sequences. The frst preselected DNA sequence encodes an RNA molecule 
substantially identical, or complementary, to all or a portron of a mRNA encoding a 
seed storage proteiu. e.g., an endogenous seed storage protein, preferably one wh.ch 
is relatively deficient in at least one amino acd essential to the diet of antmals 



compared ,o „*er seed .orage pro.e.ns. The second preselected DNA sequence 
encodes a polypeptide of destred amino acid composition. ..e,, a polypepttde 
comprismg at leas, one ant.no acid essent.al to .he d.et of an.mals. The polypept.de, 
preferably, has phys.cal properties whtch m.mmize dtsruptton of seed cellular 
5 structure and therefore gratn ,ual,ty. i. is prefetred .ha. each preselected DNA 
sequence ,s operably l.nked to a promoter fUncttonal ,n a plan, and/or seed. 

Following transformation, transformed plant cells having the first and 
second preselected DNA sequences stably, i.e., chromosomally, tntegrated into thetr 
genome are selected and used .0 regenerate fertile transgenic plants and seeds. The 
,0 transgenic seeds are cha^terized by the expressron of the firs. DNA sequence ,n an 
amount effective to substantially ,«iucc or decrease Ute amount, weight percent, or 
level of dte undesirable seed storage protein, or an amino acid present m satd 
protdn, over the amount, weigh, percent, or level, of that seed storage protein, or the 
amino acid present in that protein, which is present m nontransgenic seeds. The 
, 5 transgemc seeds axe also preferably charaCerized by the expression of the second 
DNA sequence as a plant protein in an amount effective to yield an increase ,n the 
amount, weight percent or level of a. least one amino acid essential to the dtet of 
ammals over the amount, weigh, percent or level of that amino acid present m 
nontransgenic seeds. 

20 in a preferred embodiment, the expression of the first preselected 

DNA sequence in transgenic maize seed inhibits *e wer^t percent of 19 kD or 
22 kD a-zein. In another preferred embodrment, the expression of the second 
preselected DNA sequence in transgenic seed results m an mcrease in the wetght 
percent of a 10 kD 6-zein protein. In yet another preferred embodiment, the 
25 expression of the second preselected DNA sequence in transgenic seed results m an 
mcrease in the wetght percent of a 27 kD zetn protem. In yet another preferred 
embodiment, the second preselected DNA encodes a synthetic polypeptide, such as 
MBl (Beauregard et aU 1995). MBUs a stable synthetic polypeptide htghly 
enriched in amino acids essentia, tor antmal nutntion (e g,, methionine, threomne. 



lysine, and leucine) which also adopts an a-helical conformation. The synthetic 
polypeptide MBl shares some properties of maize zein proteins, e.g., MBl is alcohol 
soluble and contains multiple a-helical domains. However, other polypeptides, 
synthetic and naturally occumng, with preselected desired amino acid compositions, 
5 and genes coding therefor, could be employed in the practice of the invention. As 
used herein, the term "polypeptide" includes protein. 

The invention also provides a method to increase the amount, weight 
percent or level of a polypeptide in a plant. The method comprises stably 
transforming plants, plant cells, plant tissue or plant parts with a first preselected 
10 DNA sequence which encodes a seed storage protein and a second preselected DNA 
sequence which encodes at least a portion of a preselected, desired polypeptide. The 
polypeptide may be encoded by the genome of the nontransformed plant or plant cell 
("endogenous" or "native"), or, alternatively may not be native to, i.e., present in, the 
genome of the nontransformed "wild type" plant or plant cell (termed 
1 5 "heterologous," "non-native" or "foreign"). Preferably, the second preselected DNA 
sequence encodes a bacterial enzyme, e.g., AK, DHDPS, EPSPS, a bacterial toxin, 
e.g., the crystal toxin from Bt, a seed storage protein, e.g., Z27, or a non-maize seed 
storage protein, such as nut and legume seed storage proteins. See, for example, U.S. 
Patent No. 4,769,061; U.S. Patent No. 4,971,908; PCT/US90/04462; 
20 PCTAV089/1 1789; and Altenbach et al. (1989). 

Transformed plant cells having the first and second preselected DNA 
sequences stably, i.e., chromosomally, integrated therein are selected and used to 
regenerate fertile transgemc plants and seeds. Transgenic seeds of the invention are 
characterized by substantial inhibition of the expression of at least one seed storage 
25 protein. The second preselected DNA sequence is expressed in said transgenic seeds 
in an amount effective to increase the weight percent of at least one amino acid 
present in polypeptide encoded by the second preselected DNA sequence relative to 
the weight percent of that amino acid in nontransgenic seeds. Alternatively, the 
second preselected DNA sequence is expressed in transgenic seed in an amount 



10 

effecve .0 incase .he a.ou„,, weight percen. or ieve, of ihe polypeptide teU.,ve ,0 
.He a^oun., weigh, petcen. or ,eve, of .he poiypep.,ae present ,„ a seed tr^sfor^cd 
with the second preselected DNA sequence alone^ 

The invention also provtdes preselected DNA sequences and 
5 expression cassettes useful in the methods descnbed above, as well as ferttle 

.Isgenic plants and/or seeds produced thereby. Prefer! fertile transge^c plants 
3.d seeds of the inventton exhibtt an tnerease in the weigh, percent of at least one 
acd essen.ial .0 .he die. of animals and/or an increase in .he starch con ent. 
The fertile transgenic plants and seeds are used to generate true breeding plan, so 
, 0 that hues of plants can be developed which transntit the increase in ammo acrd or 
,,archco„ten.inadomina„tfashio„whilestillmamtai„ir,g.hefimc.ionalagronom.c 

characteristics of elite inbred lines. Other embodiments of the inventiot, tnclude 
plant cells, plant parts, plant tissue and microorganisms transfomted wrth the 
preselected DNA sequences. 

15 

Figure 1 is a schematic depicting me functional domains of zein 
proteins. A consensus amino acid sequence for each of .he zein snbfiunilies rs 
shown. Domains I-W are shown. Shown m Region mb is a conse^us of tire 
,0 repetitiveportionofthezeinprotems. Asterisks indicate a lac. of consensus at. hat 
position. Dots represent gaps inserted to align the sequences. 

Figure 2 is the RNA sequence of A20 (SEQ ID N0:1). 

Figure 3 is the DNA sequence of Z4 (SEQ ID N0:2). 

Ftgure 4 shows oUgonucleotide pnmers whrch target the cap s,te (A) 

25 (SEQ ID N0:9 and SEQ ID NO:.0, domatn IIIB (B) (SEQ m NO:U and SEQ ID 
No'2,,a„dti,epoly(A,region(C,(SEQIDNQ..13andSEQIDNQ:15)oftheZ4 

Figure 5 shows SDS-PAGE analysts of zein extracts firom individual 
.emels of segregating populations resulting f^om R. crosses of a hemtzygous 
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.ransfonnan, (GWOl) canning pDPG340 and pDPG380 .o „o„.ra„sfo™ed .nbreds, 
and R2 self-pollinations. Lanos 1-8 con.a,n zein extracts from R2 ke^els crossed to 
CN in the Rl generatton and self-pollinated i„ the second generation. Lane 9 
contatns zein extract trom untransfom-ed CN. Lanes 10-17 contain zein extracts 
5 from R2 kernels crossed to AW in the firs, generation and self-pollinated ,n the 
second genera.ion. Lane 18 contains zein extract from untransfomted AW. Lane 19 

contains molecular weight markets. 

Figure 6 shows SDS-PAGE analysis of zein extracts of vitreous or 
opaque kernels ftom sepegating populations resulting from crosses of hemizygous 
10 pDPG530transformantstountransfoimedinbredsAWandCV. KPOMxAW 

(lanes 1-2); AW x KP014(l»es 3-4); KP015 x AW (lanes 5-6); AW x KP015 (lanes 
7.8)- CV X KP015 (lanes 9-10); AW x KP015 (lanes U-12). Lanes 13-19 are AW. 
CV.'lLP, IHP. AK835 opaque. AK835 normal, and W64A opaque, respectively. 
Lane 20 contains molecular weight markers. 
,5 Figure 7 shows SDS-PAGE analysis of zein extracts of proteins fix>m 

individual kemels of se^gating populations ..suiting from crosses of hemizygous 
transformants and untransformed inbreds. pDPG530 transfon^tant KP015 (AW x 
KP015 lanes 1-2; CV x KP015, lanes 3-4; KP015 x AW, lanes 5-6, and KP016 (CV 
X KP016 lanes 7-8; KP016 x AW, lanes 9-10) and pDP0531 transfonnanl KQ018 
20 (KQ018X AW, lanes 11-12). Lanes 13-18 are untransformed controls CW. AR, CV. 
AW, W64A. 02 and W64A. respectively. Lanes 19-20 contain molecular wetght 
markers. 

Figure 8 shows a-zein mRNA levels in developing kemels from a 
segregating population resulting from crosses of hemizygous pDPG530 and 
25 PDPG531 transformants to untransformed inbreds AW and CV. AW x KP015 
(PDPG530 transformant; lanes 1-10; top panel); KP015 x AW (pDPG530 
transformant; lanes 1 1-20; top panel); CV x KP015 (pDPG530 transformant; lanes 1- 
10; lower panel); and KQ012 x AW (pDPG531 transformant; lanes 1 1-20; lower 
panel). Kemels were isolated 21 days post-pollination. 
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F.gure 9 shows the ultrastructure of pDPG530 transfonned (nght) and 

untransformed (left) kernels. 

F.gure 10 shows SDS-PAGE analysis of zem extracts from 
segregating populations resulting from crosses of pDPG531 transformants to 

.KM AW and CV CV x KQ012 (lanes 1-4); KQ012 x AW (lanes 
5 untransformed mbreds AW and CV. uvx v v ^ , , AR 

5.S,; KQ020 . AW (lanes B-.S); KQ020 x CV (>a„=s ,6.,9,. Co„.™,sCW AR^ 

CV AW canes 9-,. respeCWe.y). Lane 20 co„.a.„s a .o.ecu,. we,^. .ar.er. 



DetailgdDescDBtion -of the Inventio n 

10 np.finitions 

As used herein, "substantially identical" or "substanttally 
homologous" in sequence means that two nucleic acid, or amino acid, sequences 
::atLtabout«V.,p.e.rahlyahou.,0.,morepre.rahlyahout9..^ 

™re preferably about 9S%, sequence identrty. or homology, to each other. An RNA 
,5 molecule encoded by a first preselects DNA sequence ofthe invention has 

..cientsequenceidentityorhomologytocauseco-suppresstonofthce.^^^^^ 
of the homologous endogenous gene or expression of a second preselected 
«,u.nce which has substantial identity to .he fir. preselected DNA sequence. 

As used hereto, "substantially complementary" means that ^»o 

20 nucleic acid sequences have at least about 65%. preferably about 70%, more 
preferably about 90%, and even more preferably about 98%, sequence 

complementanty to each other. A substantially complementary RNA molecule .s 
ouethathassufficentsequencecomplementantytothemKNAencodrngase^ 

.orage protein to resuU m a reduction or u^ibition of the tianslatton o the mRNA. 

AS used he^in. "substantial reduction," or "substantial decrease 
.cans that a transgenic plant, plant part, plant cell or plant tissue has a reduced or 
decreased anrount, level or wetght percent of a particuta amino acid, or polyp^ttd . 
.Utive to the amount, level or weight percent of tirat amino acid, or polypeptrde, 
,he corresponding nontiansgemc plant, plant part, plant cell or plan, tissue. 
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Preferably, .he decreased amoun.. level or weigh, percen. of .ha. am.no acid, or 
polypeptide, in .he .ransgenic plan,, plan, par,, plan, .issue or plan, cell .s abou. 
,0-100% and more preferably abou, 70»/.-100»/., and even more preferably abou, 
80-100% relalive ,o ,he amoum, level or we.gh, percen. of .ha. amino acd, or 
5 polypep.ide, in ,he co^esponding non^sgenic plan., plan, par,, plan, cell or plan. 

tissue. 

As used herein, -increased" or "eleva.ed- levels, amounts or weight 
pereents of a polypeptide or amino acid ,n a .ransfomed (transgemc) plant cell, plan, 
tissue, plan, par, or plan,, are grea,er U,an ,he levels, amours or weigh, percen,s of 
,0 ,ha. polypepUde or amino acid in the corresponding un„ansfo„ned plan, cell, plan, 
par, plant ..ssue, or plant. An increase in the weight percen. of an amino add ,s an 
increase of abou. 1-50%, preferably about 5-40%. and more preferably abou. 
1 0-30%, in .he weigh, percen, of ,he amino acid in a ttansgenic plan,, plant part, 
plant tissue, or plant cell relative to the weigh, percent of tha. amino acd m a 
,5 correspondingnont™sgenicplan.,plantpart,plantUssue.orplan,cell. An.ncrease 

in fte amoun, of a polypepfide in a transgenic plan,, plan. par., plant tissue or pta, 
cell is preferably a, leas, abou. 2-100 fold, more preferably a, leas, abou, 3-80 fold, 
and even more preferably a. leas. abou. 5-30 fold. rela.ive to fte amoun. of ttra. 
polypeptide in toe corresponding nontransgenic plant, plan, par., plan, .issue or plan, 

20 cell. 

For example, .he average lysine corten, in maize seed is abou, 0.24- 
0 26% ,he average methiomne content in maize seed is abou, 0,17-0.19%. and ,he 
average ,ryptophan content .n maize seed ,s about 0.08-0.10% (Dale. 1996) . Thus, 
the expression of a preselected DN A sequence of the .nven.ion in seeds resuUs m an 
25 .ncrease in content of methiomne. Uyptophan or lysine in those seeds. The am,no 
acid composition of a polypep.,de can be de.enn,ned by me.hods well known .0 .he 
ar. (Jarrett et al.. 1986; Jones et al.. 1983; AACC. 1995). 

As used herein, "genetically modified" or • Wgenic" means a plant 
cell, ptat part, plan, .issue or plan, which comprises a preselected DNA segment 
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„toh ,s .mroduced in.o ,he genome of a plan, ce,., p.an. pan, plan, tissue orplan, by 
™sfo™a.io„. The ,e™ -wild .>P=- refers ro an un.r^sformed plan, cell, pla.. 

presence of the preselected DNA segment. 
5 AS used herein, "planf refers to either a whole plant, a plant t,sstte. a 

plant part, such as pollen or an embryo, a plant cell, or a group of p.an. cells. Tt,e 

as ,he class of seed-bearing higher plants amenable to transformation techntques. 
including bo* monocotyledonous and dicotyledonous p.an.s. Seeds denved f..m 
,0 plan.s regenerated from transformed plant cells, plant paris or plant tissues, or 
progeny derived from the regenerated transformed plants, may be used dtrectly as 
teed or food, or can be altered by firrther processing. In the practice of .he present 
,nvention.themos.preferredplantseedis,ha.ofcomorZ..»,..The 

r^sforma.ion of the plants in accordance with .he inven.,on may be carried out m 
, 5 essentially any of fte various ways known to those skilled in the art of plant 
molecular biology. These include, but are not limited to, microprojecttle 
bombardmen.. microinjection, electioporation of proU,plas.s or cells compns,ng 
partial cell walls, and ^groiacen-m-mediated DNA mnsfer. 

AS u«d her«n. .he .erm "a seed s.orage pro.ein deficicn. in a. leas. 

lower man average weigh, percen. of a. leas, one am,no acid which is essenfal „ the 
aietof an animal. Amino acids which are essential to the die. of animals include 
arginine. histidine, isoleucine. leucine, lysine, melhionine. phenylalantne. .breomne, 
.ryp.ophan and valine. Preferred am.no acids which are essential in .he d,e. of 
25 animals include metttiomne, toconine. lysine, isoleucine. .ryp.ophan. and m,xtirres 
.hereof. A plan, seed s.orage protein can con.^n one or more of .hese essen.,al 
amino acids. For example, .he average wei^. percen. of lysine in a maize seed .s 
abou. abou. 0.24-0.26%. Thus, a seed s.orage prCein. such as an «-^.n. wh.ch 
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particular amino acid is de..™ined by methods we.U„ow„.o the art. 

AS used herem,"isola.ed" means either physically isolated from the 
eel, or synthestzed ,„ .Uro in the bas.s of the sequence of an isolated DNA segment. 
5 AS used herein, a "nattve" gene means a DN A sequence or segment 

.ha, has not been manipulated v„™, i.e.. has not been tso.ated, punfted, and 
amplified. 

I pMA Molecule s »f fhpTnvcntion 

A genetically engineered, isolated punfied DNA molecule usefcl m 
..einventtoncancomprtseapreselectedDNAscuenceencodtnganRNAmo^ule 

,5 substantially homologous, or complementary, to all or a portion thereof of a 
coding for a plan, seed storage protein, e.g., one otthe «-zein proteins. As used 
herein, a "seed storage protein" is a protein which is one of the major protetns ■„ 
manue seeds of plants such as maize, artd comprises a signal peptide sequence at 
amino terminal end of the pre-form of the proteiu. and which comprises a tandem 

20 repeat ofamino acid sequences in the mature form of the protem. 

Plan, seed storage proteins or zem proteins include, but ar. not hmtted 

to zein pro.e,ns, such as .-zetns, e.g.. pro.eius of ,9,000 and 22,000 daltons; f-zem 
p^teins, e.g.. protetns with a molecular weight of ,4,000 dal.ons; y-zetn pro.e.ns, 
e g proretns with molecular we.ghis of 27,000 and ,6,000 dahons; and S-ze.n 
^, proie.ns. i.e., protetns w,th a molecular weigh, of ,0,000 daltons. Certain seed 
storage proteins are deftcient in at leas, one amino acid essen.ial .o .he d,e. of 
animals. For example, the ,9 and 22 kD «-zein prt>,eins coniam low .eve s of 
,he am,no acids lystne and .ryptoph^ whtch are essenttal to Ute die. of an.mals 
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,„ an aUemafvc embod.men,. .he preselected DNA sequence ,s 
expressed as a RN A molecule .ha, is subs.a„Ually co.plen,e„.ar, .0, or .denuca, .0, 
.speCively, a,, or a portion of a fa^ly-, or suMar^lly-, of seed s.orage prore.n 
specrnc mRNA. The RN A molecule, or eorrespondrng DNA sequence, has abou, 
5 65% or more preferably 90%. nuele.c acd sequence homology or complemen.an.y 
.«h other RNA, or DNA, respectively, sequences which encode se^ storage 
protems of the same family or subfamily. The expression of a preselected a^usense 
DNA sequence substantially inhihtts translation otthe complementary m«NA. w tie 
.,e expression of a preselected sense DNA sequence results in cosupp.ess.on of the 
,0 expression of endogeno. DNA sequences encoding the homologous seed storage 
prLs. Apreferredprese..tedDNAmo,ecu.eencodesanRNAm„,ecu,ewh.c 

■s complementary to .he DNA sequence which encodes the tandem repeat regton of 
20 amino acids of the same family or subfamtly of seed storage protcns. 

The pr^elected sense or antisen^ DNA sequence can encode an 
^5 l«.Amo,ecu.epreferab,yhavingabont,5nuc.eoUdest„2,000 — .^^^^^^ 

preferably about 50-1,000 nucleotides. The DNA sequence can be derrved f^m 
5. terminus or a,e 3' te^inus and cm include all or only a portion of the co^.ng 
and.or„oncodingregions..twi,lbeunders.oodby.hoseofsla,lm.hearttha,a 

^ or antisensc DNA sequence should provide an RNA sequence hav.ng a, least 
^0 *out 1 5 nucleotides in order to provide for substantial inhibition of the express.on 
of the mRNA coding for the seed storage protein. 

The pre^leeted DNA sequences of fte invention are obtatned by 

asamRNAof,aseedstorageprotem.Po«ionsofthepreselectedDNA sequence 

coding sequence. A preselected DNA s^uenee wh,ch encodes an RNA sequence 
that is substantially complementary to a mRNA sequence encod.ng a seed stooge 
protein is typically a "sense" DNA sequence cloned m the oppos.te orientatron (..e.. 
..0 5' rather than 5' to 3'). A sense DNA sequence encodtng a se^ storage protem 
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„„ be cone. us,„, s.a„a.. ™e.Ho.s as descnbea ,„ Sa^broo. e, a,. (,989,, and 

U S Patenl No. 5,508,468. 

A subfragmenl of a prescieced DNA sequence which encodes a full- 

,e„g,h seed storage pro.e.n can be generated usrng restnction enzymes. The 
3 :lgnrennsprere«b.se,ecredbased„pon.he.ow„r— Uo.^^^^^ 

do.a,ns: a srgna, peptide dorna-n, a donrarn which includes *e anrino .er^na 
ponron of .he mature protein whteh ,s located downstream of the stgna P^U e, a 
domain Which inOudestandemrepcatsofaZO amino acidsequencewhtchtsocated 

,0 dow„streamof,heam,note,m,nusof.hematurepro,e.n,andadoma,nwh,ch 
rncludes the ca*oxy terminus of the protein. ^ size and .oeatton of .h«e 

„nc.,ona. domains m the a-zein proteins are .hown in Figu. . and can be 
determtned for other seed storaseproteinshycompanngtheaminoactdseouenceof 

suitable examples of preselected DNA se,uences that can provrde all 
oraport.o„ofasenseorant.senseseedstoragepro.ei.e.g.,.-ze,n,DNAse,u«.e 

JdecDNA clones A20,A30,B49,B59,B,6,Z4,andZ15prepa.edasaesc.^»ed 

: LingetahCmB, Prefe.edcDNAc.onesareanA.Oc.one,wh.chenccdesa 

„kD.-zeinprotei„.andaZ4 cone, which encodesaJikDa-zeinprotem. 

endonucleases. u„^«ir.ami<; 

„ is also contemplated that preselected DNA sequences homologous 

or complementary to any portion of the A20 or Z4 A, in vectors appropriate for 
e.press,on in plants, may be used to subs.an.,ally decrease the pr.duc.,on of s^ 
.5 storagepro.e,ns.ExamplcsofsuchDNAse,uencesaresequenccswh,chmaybe 

u c nf thp DNA or RN A sequence such 
homologous or complementary to the 5 regtonoftheDNAor eq 

as the 3' regton of the promoter and the cap site (Figure 4A), or the 3 regto e 
;„esuchLheAATAAA.liKepolyadenylat.onsigna,,ups.eamofU.epoly(A)tat, 

,F,gure 4C,. B is further contemplated that a preselected DNA sequence 
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,e„e ,„ a gene famUy or subfamily, such as domain ILB or one or more of .he 
lnssL„,nPis.eUn,a.a.ohensernUosu..-ah,.nh,h..ee^^^^^^^^ 

!f.en,hersor.hese„er^.Vorsnbfa™..(H,ure4B,.,Usfn«herc„n.e.p,a.e. 

5 .ha. .he preselected DNA sequence may encode an RNA molecule wh.ch ,s 
ranal.y.den«caUo.lorapon,onoramR.Aencodl„saseeds.ora,e^ 

etapresLedDNA sequence encodrngaRNAmolecules—deuhcal 
.0 .he mKNA encoding 10 kDzem. 27 kDzein, or MBl. 

,„ a preferred embodiment, a sense DNA sequence encodmg a 19 kD a ^m 

.„ protem and/or a sense ONA sequence encodhrg a 22 1^ a-zem ^^'^ 
LacDNAltbrary generated f.ome„dosper,„.issueasdescr,bed,nHuetal 

0,S2,»dGeraghtyeta,.(19S2,,w«chareherebyinc„rporatedbyrefe^ce^T 

Jclonesenc„dingal91.,a-zeiupro.einand/ora22M,«-zemprote,„ca^be 

eharacteri.dbys.a„dardmethodssuchasDNAhybHdi..io„orde^.,o^^^^^^^ 

,5 expressionbyimn,uno.ecta.q-esi„elud,ngWestemblo.analys,s. Thepr^ence^ 
Jcodi„g.=que„oeofthel9«>or22^a-.ei„protei„canbeconf.rmedbyDNA 

sequencing. 

AnotherpreselectedDNAsequenceuseMinthemethodofthe 
,„venti„ne„eodesapolypept.de,includingaplan.pro.er„,compr,singa.leasto.^ 
^i„oac.dessential.o.hed,etof.imalsoperablylinl.edtoapromoterfUne«ona 
Tplaut and/or seeds. T^eexpressionofthcpreselectedDNA sequence codm for 

: ;,ypeptidecompns,„gat.easto„eam,noac.dessent,aUothedreto a^^^^^^^^ 
,3 apLZrovidesforan.ncrea.i„express,o„of.hepolypept,.esoth.^^ 

we-ght percent of the amino acid residue is substant-ally increased m the plant 

. .4 i.„... 11 or seed derived from said plant, over the 
regenerated from the transformed plant cell, or seed den 
amount normally presem tn the corresponding u.tra.sformed plartt or see^^. 
Preferab,,.hepreseleetedDNAsequencc,sooWonr,ed.ntop,autecl,sw,.ha 



second presceced an.isense or sease DNA se^.ence, .he expression of whieh resuUs 
in .he ,nhibi..on of expressron of a seed sforage profein re,a.,vely def.cen. ,a an 
amino acid essential in the diet of animals. 

The preselected DNA sequence coding for a polypeptide compns.ng 
5 a, least one amino acid essenttal .n the d,et of antmals may be a polypept.de 
expressed in a plant seed, such as a 10 ^ zetn protem. Other polypepttdes that 
contain one or more amino acid r^tdues essenttal in the diet of animals tnclude the 
synthettc polypeptide MBl (Beauregard et al., .995). It is contemplated Utat any 
gene encoding a naturally occurring polypeptide, or a synthetic polypepttde. « 
,0 contatns a. least one amino acid essential in the diet of an animal may be used m the 
present invenUon. The ZIO and MB, proteins are illust.t,ve of a naturally occumng 
protein and a synthetic polypeptide, respectively, although one of sldll m the art wtll 
realize that many other proteins are useM in the practice of the pr^ent inventton. 

The preselected DNA sequences encoding these polypepttdes can be 
,5 obta,nedbysta„dardmethods,asdescribedbySambroolceta..,cited»p.a. For 

J- , in irn n-in orotein can be obtained ftom matze 
example, a cDNA clone encoding a 10 kD zem protem 

endospem, Ussue, as described by Kirihara e. al. ,19S8). The DNA s^uence ts ^en 
preferably combined with a promoter that is ftmcional in plant cells or seeds. The 
preferred promoter is a promoter ftmcttonal during plant seed development, such as 

20 the Z27 or ZIO promoter. 

The gene encoding the synthetic polypeptide MB 1 .s obtained from 
Mary A. HefTord (Center for Food and Animal Research. Agnculture and Agn-Food 
Canada, The preselected DNA sequence encoding a synthetic polypeptide such as 

25 For example, the MBl DNA sequence can be operably linked to the .5 ld> zem 

signal peptide sequence. 

„ ,s also contemplated that a preselected DNA sequence encodes a 

desirable seed storage protem. Thus, the expression of a firs, preselected DN A 
sequence can inhibit the expression of an undesirable seed storage protein, while 
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expression of a second preselected DNA sequence can encode a desirable gene 
product, e.g., a desirable seed storage protein. For example, it is envisioned that the 
expression of the first preselected DNA sequence, which comprises partial gene 
DNA sequences, may be advantageous for the suppression of the expression of 
5 undesirable seed storage proteins, if those partial DNA sequences target DNA or 
RNA sequences not present in the second preselected DNA sequence which encodes 
a desirable polypeptide, e.g., 10 kD zein or MBl, in order to avoid suppression of 
expression of the desirable polypeptide. 
R. Optional Sequences for Ex prpssinn Cassettes 
10 1 . Promoters 

Preferably, the preselected DNA sequence of the invention is operably 
linked to a promoter, which provides for expression of the preselected DNA 
sequence. The promoter is preferably a promoter functional in plants and/or seeds, 
and more preferably a promoter functional during plant seed development. A 
1 5 preselected DNA sequence is operably linked to the promoter when it is located 
downstream from the promoter, to form an expression cassette. 

Most endogenous genes have regions of DNA that are known as 
promoters, which regulate gene expression. Promoter regions are typically found in 
the flanking DNA upstream from the coding sequence in both prokaryotic and 
20 eukaryotic cells. A promoter sequence provides for regulation of transcription of the 
downstream gene sequence and typically includes from about 50 to about 2,000 
nucleotide base pairs. Promoter sequences also contain regulatory sequences such as 
enhancer sequences that can influence the level of gene expression. Some isolated 
promoter sequences can provide for gene expression of heterologous DNAs, that is a 
25 DNA different from the native or homologous DNA. 

Promoter sequences are also known to be strong or weak, or 
inducible. A strong promoter provides for a high level of gene expression, whereas a 
weak promoter provides for a very low level of gene expression. An inducible 
promoter is a promoter that provides for the turning on and off of gene expression in 
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response to an exogenously added agent, or to an environmental or developmental 
stimulus. A bacterial promoter such as the P^ac promoter can be induced to varying 
levels of gene expression depending on the level of isothiopropylgalactoside added to 
the transformed bacterial cells. Promoters can also provide for tissue specific or 
5 developmental regulation. An isolated promoter sequence that is a strong promoter 
for heterologous DNAs is advantageous because it provides for a sufficient level of 
gene expression to allow for easy detection and selection of transformed cells and 
provides for a high level of gene expression when desired. 

Preferred expression cassettes will generally include, but are not 
10 limited to, a plant promoter such as the CaMV 35S promoter (Odell et al., 1985), or 
others such as CaMV 19S (Lawton et al., 1987), nos (Ebert et al., 1987), Adh] 
(Walker et al., 1987), sucrose synthase (Yang et al., 1990), a-tubulin, ubiquitin, 
actin (Wang et al., 1992), cab (Sullivan et al., 1989), PEPCase (Hudspeth et al., 
1989) or those associated with the R gene complex (Chandler et al., 1989). Further 
1 5 suitable promoters include cauliflower mosaic virus promoter, the Z 1 0 promoter 
from a gene encoding a 10 kD zein protein, a Z27 promoter from a gene encoding a 
27 kD zein protein, inducible promoters, such as the light inducible promoter derived 
from the pea rbcS gene (Coruzzi et al., 1971) and the actin promoter from rice 
(McElroy et al., 1990); seed specific promoters, such as the phaseolin promoter from 
20 beans, may also be used (Sengupta-Gopalan, 1 985). The especially preferred 
promoter is fimctional during plant seed development, such as the ZIO or Z27 
promoters. Other promoters useful in the practice of the invention are known to 

those of skill in the art. 

Alternatively, novel tissue-specific promoter sequences may be 
25 employed in the practice of the present invention. cDNA clones from a particular 
tissue are isolated and those clones which are expressed specifically in that tissue are 
identified, for example, using Northern blotting. Preferably, the gene isolated is not 
present in a high copy number, but is relatively abundant in specific tissues. The 
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promoter and control elements of corresponding genomic clones can then be 
localized using techniques well known to those of skill in the art. 

A preselected DNA sequence can be combined with the promoter by 
standard methods as described in Sambrook et al., cited supra, to yield an expression 

5 cassette. Briefly, a plasmid containing a promoter such as the 35S CaMV promoter 
can be constructed as described in Jefferson (1987) or obtained from Clontech Lab in 
Palo Alto, California (e.g., pBI121 or pBI221). Typically, these plasmids are 
constructed to have multiple cloning sites having specificity for different restriction 
enzymes downstream from the promoter. The preselected DNA sequence can be 

1 0 subcloned downstream from the promoter using restriction enzymes and positioned 
to ensure that the DNA is inserted in proper orientation with respect to the promoter 
so that the DNA can be expressed as sense or antisense RNA. Once the preselected 
DNA sequence is operably linked to a promoter, the expression cassette so formed 
can be subcloned into a plasmid or other vector. 

1 5 Once the preselected sense DNA sequence is obtained, all or a portion 

of the DNA sequence can be subcloned into an expression vector (see below) in the 
opposite orientation (i.e., 3' to 5'). Similarly, all or a portion of the preselected DNA 
sequence can be subcloned in sense orientation (i.e., 5 ' to 3 ')• The preselected 
DNA sequence is subcloned downstream from a promoter to form an expression 

20 cassette. 

In a preferred embodiment, a cDNA clone encoding a Z4 22 kD 
a-zein protein is isolated from maize endosperm tissue. Using restriction 
endonucleases, the entire coding sequence for the Z4 gene is subcloned in the 3' to 5' 
orientation into an intermediate vector to form an antisense DNA sequence. The 
25 promoter region from a 1 0 kD zein protein, designated the Zl 0 promoter, is 

subcloned upstream from the antisense DNA sequence which includes the entire 
coding sequence for the Z4 gene to form an expression cassette. This expression 
cassette can then be subcloned into a vector suitable for transformation of plant cells. 
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In another preferred embodiment of the present invention, the promoter region from 
a 27 kD zein protein, designated the Z27 promoter, is subcloned upstream from the 

antisense DNA sequence. 

In another preferred embodiment of the present invention, using 

5 restriction endonucleases, the entire coding sequence of the A20 gene encoding a 
19 kD a-zein protein is subcloned in the 3' to 5' onentation mto an intermediate 
vector to form an antisense DNA sequence. The ZIO promoter, or alternatively the 
Z27 promoter, is cloned upstream from the A20 antisense DNA sequence. Partial Z4 
or A20 DNA sequences can also be cloned in an antisense 3' to 5' orientation 

10 downstream of the ZIO or Z27 promoter. Furthermore, it is contemplated that 
expression cassettes may be constructed which comprise the ZIO or Z27 promoter 
upstream of a partial or entire Z4 or A20 DNA sequences wherein said DNA 
sequences are subcloned downstream of the promoter in a 5' to 3' sense orientation. 

15 1. TarfTcting Sequences 

Additionally, expression cassettes can be constructed and employed to 
target the product of the preselected DNA sequence or segment to an intracellular 
compartment within plant cells or to direct a protein to the extracellular enviromnent. 
This can generally be achieved by joining a DNA sequence encoding a transit or 
20 signal peptide sequence to the coding sequence of the preselected DNA sequence. 
The resultant transit, or signal, peptide will transport the protein to a particular 
intracellular, or extracellular destination, respectively, and can then be post- 
translationally removed. Transit peptides act by facilitating the transport of proteins 
through intracellular membranes, e.g., vacuole, vesicle, plastid and mitochondnal 
25 membranes, whereas signal peptides direct proteins through the extracellular 
membrane. By facilitating transport of the protein into compartments inside or 
outside the cell, these sequences can increase the accumulation of a particular gene 
product in a particular location. For example, see U.S. Patent No. 5,258,300. 
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'\. V Seq uences 

When the expression cassette is to be introduced into a plant cell, the 
expression cassette can also optionally include 3' nontranslated plant regulatory 
DNA sequences that act as a signal to terminate transcnption and allow for the 
5 polyadenylation of the resultant mRNA. The 3' nontranslated regulatory DNA 
sequence preferably includes from about 300 to 1,000 nucleotide base pairs and 
contains plant transcnptional and translational termination sequences. Preferred 3' 
elements are derived from those from the nopaline synthase gene oi Agrobacterium 
tumefaciens (Bevan et al., 1983), the terminator for the T7 transcript from the 
10 octopine synthase gene of Agrobacterium tumefaciens, and the 3' end of the protease 
inhibitor I or II genes from potato or tomato, although other 3' elements known to 
those of skill in the art can also be employed. These 3' nontranslated regulatory 
sequences can be obtained as described in An (1987) or are already present in 
plasmids available from commercial sources such as Clontech, Palo Alto, California. 
15 The 3' nontranslated regulatory sequences can be operably linked to the 3' terminus 
of the preselected DNA sequence by standard methods. 

d SM^rtahle anf « sirr'^^n^Me Marker Sequences 

In order to improve the ability to identify fransformants, one may 
desire to employ a selectable or screenable marker gene as, or in addition to, the 
20 expressible preselected DNA sequence or segment. "Marker genes" are genes that 
impart a distinct phenotype to cells expressing the marker gene and thus allow such 
transformed cells to be distinguished from cells that do not have the marker. Such 
genes may encode either a selectable or screenable marker, depending on whether the 
marker confers a trait which one can 'select' for by chemical means, i.e., through the 
25 use of a selective agent (e.g., a herbicide, antibiotic, or the like), or whether it is 

simply a trait that one can identify through observation or testing, i.e., by 'screening' 
(e.g., the R-locus trait). Of course, many examples of suitable marker genes are 
known to the art and can be employed in the practice of the invention. 
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Included within the terms selectable or screcnable marker genes arc 
also genes which encode a "secretable marker" whose secretion can be detected as a 
means of identifying or selectmg for transformed cells. Examples mclude markers 
which encode a secretable antigen that can be identified by antibody interaction, or 
5 even secretable enzymes which can be detected by their catalytic activity. Secretable 
proteins fall into a number of classes, including small, diffusible proteins detectable, 
e.g., by ELISA; and proteins that are inserted or trapped in the cell wall (e.g., 
proieins that include a leader sequence such as that found in the expression unit of 

extensin or tobacco PR-S). 
^0 With regard to selectable secretable markers, the use of a gene that 

encodes a polypeptide that becomes sequestered in the cell wall, and which 

polypeptide includes a unique epitope is considered to be particularly advantageous. 

Such a secreted antigen marker would ideally employ an epitope sequence that 

would provide low background in plant tissue, a promoter-leader sequence that 
15 would impart efficient expression and targeting across the plasma membrane, and 

would produce protein that is bound in the cell wall and yet accessible to antibodies. 

A normally secreted wall protein modified to include a unique epitope would satisfy 

all such requirements. 

One example of a protein suitable for modification in this manner is 
20 extensin, or hydroxyproline rich glycoprotein (HPRG). The use of the maize HPRG 
(Stiefel et al, 1990) is preferred as this molecule is well characterized in terms of 
molecular billogy, expression, and protem structure. However, any one of a vanety 
of extensins and/or glycine-rich wall proteins (Keller et al., 1989) could be modified 
by the addition of an antigenic site to create a screenable marker. 
25 Elements of the present disclosure are exemphfied in detail through 

the use of particular marker genes. However in light of this disclosure, numerous 
other possible selectable and/or screenable marker genes will be apparent to those of 
skill in the art in addition to the one set forth herein below. Therefore, it will be 
understood that the following discussion is exemplary rather than exhaustive. In 
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light of the techniques disclosed herein and the general recombinant techniques 
which are known in the art, the present invention renders possible the introduction of 
any gene, including marker genes, into a recipient cell to generate a transformed 
plant cell, e.g., a monocot cell. 
5 Possible selectable markers for use in connection with the present 

invention include, but are not limited to, a neo gene (Potrykus et al., 1985) which 
codes for kanamycin resistance and can be selected for using kanamycin, G418, and 
the like; a bar gene which codes for bialaphos resistance; a gene which encodes an 
altered EPSP synthase protein (Hinchee et al., 1988) thus conferring glyphosate 
1 0 resistance; a nitrilase gene such as bxn fi-om Klebsiella ozaenae which confers 
resistance to bromoxynil (Stalker et al., 1988); a mutant acetolactate synthase gene 
(ALS) which confers resistance to imidazolinone, sulfonylurea or other 
ALS-inhibiting chemicals (European Patent Application 154,204, 1985); a 
methotrexate-resistant DHFR gene (Thillet et al., 1988); a dalapon dehalogenase 
1 5 gene that confers resistance to the herbicide dalapon; or a mutated anthranilate 

synthase gene that confers resistance to 5-methyl tryptophan. Where a mutant EPSP 
synthase gene is employed, additional benefit may be realized through the 
incorporation of a suitable chloroplast transit peptide, CTP (European Patent 
Application 0 218 571, 1987). 
20 An illustrative embodiment of a selectable marker gene capable of 

being used in systems to select transformants is the genes that encode the enzyme 
phosphinothricin acetyltransferase, such as the bar gene from Streptomyces 
hygroscopicus or the pat gene from Streptomyces viridochromogenes (U.S. Patent 
No. 5,550,318, which is incorporated by reference herein). The enzyme 
25 phosphinothricin acetyl transferase (PAT) inactivates the active ingredient in the 
herbicide bialaphos, phosphinothricin (PPT). PPT inhibits glutamine synthetase, 
(Murakami et al., 1986; Twell et al., 1989) causing rapid accumulation of ammonia 
and cell death. The success in using this selective system in conjunction with 
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monocots was particularly sun^nsmg because of the major difficulties wh.ch have 
been reported in transformation of cereals (Potrykus, 1989). 

Screenable markers that may be employed include, but are not limited 
to a p-glucuronidase or mdA gene (GUS) which encodes an enzyme for which 
5 v^ous chromogemc substrates are known; an R-locus gene, which encodes a 
product that regulates the production of anthocyanm pigments (red color) in plant 
tissues (Dellaporta et al., 1988); a ^-lactamase gene (Sutcliffe, 1978), which encodes 
an enzyme for which various chromogenic substrates are known (e.g., PADAC, a 
chromogenic cephalosporin); .xylE gene (Zukowsky et al., 1983) which encodes a 
10 catechol dioxygenase that can convert chromogemc catechols; an a-amylase gene 
(Ikuta et al., 1990); a tyrosinase gene (Katz et al., 1983) which encodes an enzyme 
capable of oxidizing tyrosine to DOPA and dopaquinone which in turn condenses to 
form the easily detectable compound melanin; a p-galactosidase gene, which 
encodes an enzyme for which there are chromogemc substrates; a luciferase (lux) 
15 gene (Ow et al., 1986), which allows for bioluminescence detection; or an aequonn 
gene (Prasher et al, 1985), which may be employed in calcium-sensitive 
bioluminescence detection, or a green fluorescent protein gene (Niedz et al., 1995). 

Genes from the maize R gene complex are contemplated to be 
particularly usefixl as screenable markers. The R gene complex in maize encodes a 
20 protein that acts to regulate the production of anthocyanin pigments in most seed and 
plant tissue. Maize strains can have one, or as many as four, R alleles which 
combine to regulate pigmentation m a developmental and tissue specific mam.er. A 
gene from the R gene complex was applied to maize transformation, because the 
expression of this gene m transformed cells does not harm the cells. Thus, an R gene 
25 introduced into such cells will cause the expression of a red pigment and, if stably 
incorporated, can be visually scored as a red sector. If a maize Hne carries dominant 
alleles for genes encoding the enzymatic intermediates in the anthocyamn 
biosynthetic pathway (C2, Al , A2, Bzl and Bz2). but cames a recessive allele at the 
R locus, transformation of any cell from that line with R will result in red pigment 



28 



formation. Exemplary lines include W.sconsm 22 which contams the rg-Stadler 
allele and TRl 12, a K55 denvative wh.ch .s r-g, b, PI. Alternatively any genotype of 
maize can be utilized if the CI and R alleles are introduced together. 

It ,s further proposed that R gene regulatory regions may be employed 
5 in chimeric constructs m order to prov.de mechamsms for controlling the expression 
of chimenc genes. More diversity of phenotypic expression is known at the R locus 
than at any other locus (Coe et al., 1988). It is contemplated that regulatory regions 
obtained from regions 5' to the structural R gene would be valuable in directing the 
expression of genes, e.g., insect resistance, drought resistance, herbicide tolerance or 
10 other protem coding regions. For the purposes of the present mvention, it is beheved 
that any of the various R gene family members may be successfully employed (e.g., 
P, S, Lc, etc.). However, the most preferred will generally be Sn (particularly 
s'n:bol3). Sn is a dominant member of the R gene complex and is functionally 
similar to the R and B loci in that Sn controls the tissue specific deposition of 
1 5 anthocyanin pigments in certain seedling arid plant cells, therefore, its phenotype is 
similar to R. 

A further screenable marker contemplated for use in the present 
invention is firefly luciferase, encoded by the lux gene. The presence of the lux gene 
in transformed cells may be detected using, for example. X-ray film, scinUUation 
20 counting, fluorescent spectrophotometry, low-light video cameras, photon countmg 
cameras or multiwell luminometry. It is also envisioned that this system may be 
developed for populational screening for biolum.nescence, such as on tissue culture 
plates, or even for whole plant screening, 
'i Other ^p^i""a' Sequences 
25 An expression cassette of the invention can also fiirther comprise 

plasmid DNA. Plasmid vectors include additional DNA sequences that provide 
for easy selection, amplification, and transformation of the expression cassette in 
prokaryotic and eukaryotic cells, e.g., pUC-derived vectors such as pUC8, pUC9, 
pUCl 8, pUC19, PUC23, pUCl 19, and pUC120, pSK-derived vectors, pGEM- 



29 

denved vec.or. pSP-derivcd vec.ors, or pBS-derived vectors. The addUiona, DNA 
sequences mclude origins of replicat.on .0 provide for autonomous replication of the 
vector, addttional selectable marker genes, preferably encoding an„b,o„c or 
herbicide res.st^ce. uni,ue nrnltiple cloning sites providing for multiple sttes to 
5 insert DNA sequences or genes encoded in the expression cassette, and se,uences 
that enhance transformation of prokatyotic and eukaryotic cells. 

Aijolher vector that is useful for expression in both plant and 
prokaryotie cells is .he bina^ Ti plasmid (as disclosed m Schilperoort et al.. U.S. 
Patent No 4,940.838) as exemplified by vector pGA582. This binaty T, plasmtd 
,0 vector has been previously characterized by An. ci.cd and is available f^om 
Dr An This binary Ti vector can be rephcated in prokao^otic bactena such as £ 
coU and .,ro^— . Tl-e A^obaceriu. plasmid vectors can be used to transfer 
the expression casseUe to dicot plartt cells, and under certain conditions to monoco. 
cells suehasricecells. The binary Ti vectot. preferably tnclude Urc nopahne T 
, 5 DNA right and left borders .0 provide for efficient plant cell transformanon, a 
selectable marker gene, uni<,ne multiple cloning sites in Ure T border regions, the 
coml repheationoforiginandawide host range repheon. T*e btnaty Ti vectors 
carrying an expression cassette of the invention can be used to transfonn both 
prokaryotie and eukaryotic cells, but is preferably used .„ «ansform dicot plant cells. 

20 

r g.»>..ln» of Frnrfs MOn Tasstttts 

once the expression cassette is constructed and subcloned tnto a 
suttable plasmid. ,t can be screened for the ability to substantially inhibtt the 

25 hybnd arrest^ translation. For example, for hybrid selecfon or arrested translatton. 
a preselected antisense DNA sequence ,s subcloned tnto an SP6rr7 contaimng 
plasmids (as supplied by ProMega Corp.). For transfonnation of plants cells, 
suitable vectors include plasmids such as described herein. Typically, hybrid arrest 
translation is an iavte assay which measures the tnhibition of translatton of a 
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n,RNA encoding a panicular seed s.orage protein. Tins screenmg meihod can also 
be used .0 select and identify preselected an.isense DN A sequences that ,nh,b,t 
translation of a family or subfamily of Kin protein genes. As a control, the 
correspondmg sense expression cassette is introduced ,nto plants and the phenotype 
5 assayed. 

„ piM^ n^nvpr y of the DNA M olecules intoHostCells 

The present invention generally includes steps directed to introducing 
a preselected DNA sequence, such as a preselected cDNA, into a recipient cell to 

10 create a transformed cell. The frequency of occurrence of cells taking up exogenous 
(foreign) DNA . believed to be low. Moreover, it .s most likely that not all reap.ent 
cells receiving DNA segments or sequences will result in a transformed cell wherem 
the DNA is stably integrated into the plant genome and/or expressed. Some may 
show only initial and transient gene expression. However, certain cells from 

15 virtually any dicot or monocot species may be stably transformed, and these cells 
regenerated into transgenic plants, through the application of the techniques 

disclosed herein. 

The invention is directed to any plant species wherein the seed 
contains storage proteins U»t contain relatively low levels, or none, of at leas, one 
20 essential amino acid. Cells otthe plant tissue sovm>e are preferably embryogemc 
cells or cell-lines that can regenerate fertile transgenic plants and/or seeds. The cells 
can be derived from ei^er monocotyledons or dicotyledons. Suitable examples of 
plant species include wheat, rice, Arabidopsis. tobacco, maize, soybean, and the l.ke. 
The preferred cell type is a monocotyledon cell such as a maize cell, which tnay be m 
25 a suspension cell culture or may be in an mtaet plant par,, such as an tmmature 
embryo, or in a specialized plan, tissue, such as callus, such as Type I or Type II 
callus. 

Transformation of the cells of the plan, tissue souree can be conducted 
by any one of a number of methods known to those of skill in tite art. Examples are: 
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Transformalion by direct DNA transfer tnto plant cells by clectroporatton (U S. 
Patent No. 5,384.253 and U.S. Patent No. 5,472.869, incorporated heretn by 
reference; Dekeyser et al., 1990); direct DNA transfer to plant cells by PEG 
precipitation (Hayashimo.o el al.. 1990); direct DNA transfer to plan, cells by 
5 microprojectile bombardment (McCabe et al., 1988; Gordon-Kamm e. al , 1 990; U.S. 
Patent No. 5,489,520; U.S. Patent No. 5.538,877; and U.S. Patent No. 5,538,880, 
incorporated Iteretn by reference) and DNA transfer to plant cells via infectton wtth 
Agrobacenum. Methods snch as microprojectile bombardment or electroporatton 
can be carried out with "naked" DNA where the expression cassette may be stmply 
,0 carried on any E. coft-derived plasmid cloning vector. In the case of viral vectors, tt 
is desirable that the system r^in replicatron firnCions. but lack tactions for disease 
induction. 

The preferred method for dicot transformation is via infection of plant 
cells with Agrobacterium tumefaciens using the leaf-disk protocol (Horsch et al., 
15 1985). Monocots such as Ze. may. can be transformed via microprojectile 
bombardment of embryogenic callus tissue or immature embryos, or by 
electroporation following partial enzymatic degradation of the cell wall wUh a 
pectinase-containing enzyme (U.S. Patent No. 5,384,253; and U.S. Patent No. 
5 472,869). For example, embryogenic cell lines derived from immature Zea mays 
20 embryos can be transformed by accelerated particle treatment as described by 

Gordon-Kamm et al. (1990) or U.S. Patent No. 5,489,520; U.S. Patent No. 5,538,877 
and U S. Patent No. 5,538,880, cUed above. Excised immature embryos can also be 
used as the target for transformation pnor to tissue culture induction, selection and 
regeneration as described in U.S. application Senal No. 08/1 12,245 and PCT 
25 publication WO 95/06128. Furthermore, methods for transformation of 

monocotyledonous plants utilizing A.robactenum tumefacrens have been described 
by Hiei et al. (European Patent 0 604 662, 1994) and Saito et al. (European Patent 0 
672 752, 1995). 
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Methods such as microprojeClc bombardmem or elec.roporation are 
camed out with "naked" DN A where the expresston cassette may be s.mply earned 
„„ any £ co/,-derived plasmtd cloning vector. In the ease of viral vectors, t, ,s 
destrable that the system retain repUeatton functtons, but lack funettons for dtsease 

5 induction. 

The choice of plant ttssue source for transformatton will depend on 
the nature of the host plant and the transfom.a.ion protocol. Usefttl tissue sources 
include callus, suspension culture cells, protoplasts, leaf segments, stem segments, 
tassels, pollen, embryos, hypocotyls, mber segments, meris.ema.ic regions, and .he 
,0 like The hssue source is seleCcd and transform^ so that it reruns the ab.hty to 
regenerate whole, fertile plants following transformatton, i.e., contains tottpoten. 
cells Type I or Type II embryonic maize callus and immamre embryos are preferred 
Zea .issue sources. Selection of tissue sources for transformation otmonoco.s 
,s described in de.ail in U.S. Applicatton Serial No. OS/, 12,245 and PCT publicatton 
1 5 WO 95/06128 (incorporated herein by reference). 

The transformation is carried ou. under conditions directed to the 
plant ttssue of choice. Tlte plan, cells or tissue axe exposM to the DNA carryirtg the 
preselected DNA sequences for an effective period of time. This may range torn a 
less-thart-one-second pulse of electricity for electroporation to a 2-3 day co- 
20 cultivation in the presence of plasmid-bearing A^oU^enu. cells. Buffers and 
media used will also vary with the plant tissue source and transformatton protocol. 
Many trartsfomration protocols employ a feeder layer of suspended culture cells 
(.obacco or Black Mextcan Sweet con,, for example) on the surface of solid medta 
plates, separated by a stenle filter paper disk fom *e plant cells or tissues betng 
25 transformed. 
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A. Flprfrn poration 

Where one wishes to introduce DNA by means of electroporation, it is 

contemplated that the method of Krzyzek et al. (U.S. Patent No. 5,384,253, 
incorporated herem by reference) will be particularly advantageous. In this method, 
5 certain cell wall-degrading enzymes, such as pectin-degrading enzymes, are 

employed to render the target recipient cells more susceptible to transfonnation by 
electroporation than untreated cells. Alternatively, recipient cells can be made more 
susceptible to transfonnation, by mechanical wounding. 

To effect transformation by electroporation, one may employ either 
10 friable tissues such as a suspension cell cultures, or embryogemc callus, or 
alternatively, one may transform immature embryos or other organized tissues 
directly. Th. cell walls of the preselected cells or organs can be partially degraded 
by exposing them to pectin-degrading enzymes (pectinases or pectolyases) or 
mechanically wounding them in a controlled manner. Such cells would then be 
1 5 receptive to DNA uptake by electroporation, which may be carried out at this stage, 
and transfonned cells then identified by a suitable selection or screening protocol 
dependent on the nature of the newly incorporated DNA. 

B. ]Vf iprn project f'" Rnmhardment 

20 ' A fiirther advantageous method for delivering transforming DNA 

segments to plant cells is microprojectile bombardment. In this method, 
n^icroparticles may be coated with DNA and delivered into cells by a propelling 

Exemplary particles include those comprised of tungsten, gold, platinum, and 



force, 
the like. 
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It is contemplated that in some instances DNA precipitation onto 
metal particles would not be necessaiy for DNA delivery to a recipient cell using 
microprojectile bombardment. In an illustrative embodiment, non-embryogemc 
BMS cells were bombarded with intact cells of the bacteria E. coli or Asrobactenum 
tumefaciens containing plasmids with either the p-glucoronidase or bar gene 
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engineered for expression in maize^ BaCena were inacnva.ed by ethanol 
dehydration pnor .0 bombardment. A low level of transient expresston of the 
p.gl„coronidase gene was observed 24-48 hours follow.ng DNA delivery. In 
addition, stable transformants contain.ng the bar gene were recovered followtng 
5 bombardment with either E. coU or AirobaCenum mmejaciens eells. 1. .s 
eontemplated .ha, particles may contam DNA rather than be coated w„h DNA. 
Hence it ,s proposed that panicles may increase U,c level of DNA delivery but are 
not in and of themselves, necessary ,0 introduce DNA into plant cells. 

An advantage of microprojectile bombardment, in addition to u betng 
,0 an effective means of reproducibly stably transforming monocofs, is that the isolation 
of protoplasts (Christou et al., 1988). the formation of partially degraded cells, or the 
susceptibility .0 A^obacieriun, infection is required. An illustrative embodiment of 
a method for delivering DNA into maize cells by acceleration is a Biolistics Parttcle 
Delivery System, which can be used to propel particles coated with DNA or cells 
15 through a screen, such as a stainless steel or Nytex screen, onto a filter surface 
c„ver«iwi«, maize cells cultured in suspension (Gordon-Kammetal., 1990). The 

screen disperses the particles so that they are no, delivered ,0 ,he recipient cells m 
large aggregates. I, is believed fta, a screen inlervening beween the projecttle 
apparants and cells .0 be bombaried reduces Bre size of projectile aggregate and 
20 may contribute ,0 a higher frequency of ttansformation. by reducing damage infl.cted 
on the recipient cells by an aggregated projectile. 

For bombardment, cells in suspension are preferably concentrated on 
filters or solid culmre medium. Alternatively, immature cmbo-os or other target cells 
may be arranged on solid culture medium. The cells to be bombarded are postttoned 
25 at an appropriate distance below the macroprojectile stopping pla,e. If destred. one 
or more screens are also positioned bCween the accelerafion device and the cells ,0 
be bombarded. Through fte use of techniques se, forth herein one may obtam up to 
,000 or more foci of cells transiently expressing a marker gene. The number of cells 
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,„ a focus which express exogenous gc„c product 48 hours pos.-ho.hard.em 
often range from aboul 1 to 10 and average about 1 to 3. 

In bombardment transfonnation, one may optimise the 
prebombardment cuUuring condtUons and the bombardment parameters to y.e.d the 

5 maximum numbers of stable .ransformants. Both .he physical and bio.ogtca, 

par^etersforbombardmentaretmportantinthrstechnology. Physical aeto.are 

those .ha. involve manipulating .he DNA/mteroprojeet,le precpitate or . ose t a. 
affec. .he pa.h and ve.ocily of e,.her .he macro- or microprojeCles. B.ologtca, 
faclors include all s.eps involved m ma„,pula.ion of cells before and ,mmedra.ely 
, 1— ent,.heosmot.cad.stmen.of.argetcel,s.ohe,pa.levi^^^^^^^^^^^ 

associated wi* bontbardmen.. and also the nature of *e Uansfomrtng DNA. such 
linearized DNA or intact superco.led plasmid DNA. I. is believed that pre- 
bonrba^^nen. nranipu.aUons are especially imporlan. tor successM »nsfo,n,a.,on 

of immature embryos. „ „f 

Accordingly, ,t ,s eon.emp.a.ed that one may «ish ,o adjus. vanous of 
the bombardmen. paramCers in small scale stud.es .0 Mly op.imi« fte cond,«on. 
one may particularly v.sh .o adjus. phys.cal pa^ele,. such as gap d,s.anee, fl.^. 

dis^nce. .issue distance, and helium pressure. One may also minimize Ote «au» 
.educ.ionfac.ors(TRFs,bymod,.y,nsc„ndi.ionswh.chi„f,uence.hephys.olog,cal 

,0 s.a.eof.herecipien.cel,sandwhichmayU,e.foreinfluence— tron^^^ 
.megrafon effictencies. For ex^ple, .he osmo.ic s.a.e, .issue hydratton and *e 
subculture stage or cell cycle of the recpien. cells may be adjusled for ophmum 
„a.fom,at,on. Results from such small scale op.im,.a.ion stud.es are tsclos^ 
nerein and the exeeu.ion of other routme adjustments will be .nown to those of sl.ll 
25 m the art in light of the present disclosure. 
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After effecmg del.very of a preselected DNA sequence ,o reerpren. 

concern iden.rfyrng .he .ransfonned cells for further cuUurrng and plant regenerauon^ 
5 AS nrentroned above, ,n order ,o taprove .he abrli.y .0 rden.rfV .ra„sro™an.s. one 
™ay desrre .„ employ a se.eCable or screenable marker gene as, or ,n addinon .o, .he 
expressible prese.ec.ed DNA sequence. In .his case, one would .hen generally assay 
tbe polentially .ransforn,ed cel. popularion by exposing .he ce.,s .o a se.eCve agen. 
or agenrs, or one wou.d screen .he cells for Ure desired marker gene .ra... 

10 

A. Selection 

An exemplary embodimen. of mefl.ods for identifying ttanstormed 

cells involves exposing *e bombarded cul.ur« .o a se,ec.ive agen.. such as a 

, 5 .anstormed and have s.bly ime^.ed a marker gene conferring resis.ance .o tt.e 
selecive agen. used, w,ll grow and divde in culmre. Sensi.ive cells will no. be 

amenable .0 fiJrther culnunng. 

TO use *e h,r-b.alaphos or toe EPSPS-g.yphosa.e se.ecttve sys.em, 

bombarded tissue is culmred for abou. 0-28 days on nonselective medium and 
,0 subsequently tiansferred .o medium confining .^m abou. 1-3 mgA bialaphos or 
a J. -3 mM glyphosare. as approprtare. While ranges of abou. 1-3 mgA bralapho 
or abou. 1-3 mM glypbosale will .ypically be preferred, i. is proposed that ranges of 

a. leas. abou. 0.1-50 mg/1 b.alaphos or a. leas, about 0.1-50 mM glyphosate wr.l find 
utility in the practice of the invention. Ttssue can be placed on 
,3 soltd or semi-solid suppor, for bombardment, including but not limtted to filters an 
solid culture medium. Bialaphos and glyphosate are provided as examples of agents 
suttable for selection of tiansformanrs. bu. .he .echnique of ftis invention ,s no. 
limited to them. 
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An example of a screenable marker Irait is the red pigment produced 
under the control of the R-locus m maize. Thts pigmem may be detected by 
cuUuring cells on a solid support containmg nutnen. media capable of supportmg 
growth at this stage and selecting cells from colonies (visible aggregates of cells) that 
5 are pigmented. These cells may be cultured further, either in suspension or on sohd 
media The R-locus is useful for selection of transfonnants fi-om bombarded 
.mnrature embryos. In a similar fashion, the introduction of the C. and B genes «,1. 
resuU in pigmented cells and/or tissues. 

The enzyme luciferase is also useful as a screenable marker in the 
,0 context of the present invention. In the presence of the substrate luciferin. cells 

expressing luciferase em,t light which can be detected on photographic or x-ray film, 
in a luminometer (or liquid scintillation counter), by devices that enhance ntgh. 
vision or by a Hghly light sensitive video camera, such as a photon counttng 
camera All of these assays are nondestructive and transfomred cells may be cultured 
15 further following identification. The photon counting camera is especially valuable 
as i, allows one to identify specific cells or groups of cells which are expresstng 
luciferase and manipulate those in real time. 

It is further contemplated that combinations of screenable and 
selectable markers will be usefi,! for identification of transformed cells. In some cell 
20 or tissue types a selection agent, such as bialaphos or glyphosate, may etther not 
provide enough killing activity to clearly recognize transfonned cells or may cause 
substantial nonseleettve inhibition of transformants and nontransformants ahke. thus 
eausing the selectron tectaique to not be efTectrve. It is proposed that selection w,th 
a growth inhibiting compound, such as bialaphos or glyphosate at concentraltons 
25 below those that cause 100% inhibition followed by screening of growing tissue for 
expresston of a screenable marker gene such as luciferase would allow one to recover 
transformants ftom cell or tissue types that are not amenable to selection alone. In an 
illustrative embodimem embryogenic Type II callus oiZea n..ys L. was selected 
with sub-lethal levels of bialaphos. Slowly growing tissue was subsequently 
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and transformaiils were identified. In 



screened for expression of the luciferase gene 
tliis example, neither seleetion nor screening 

and of themselves to identrfy transfomrants. Therefore it is proposed that 
combinations of selection and screening 
5 a wider variety of cell and tissue types. 



conditions employed were sufficient in 
Therefore it is proposed that 
will enable one to identify Iransformants in 



Cells that survive the exposure to the selective agent, or cells that 
have been scored positive in a screening assay, may be cultured in media that 
,0 supports regeneratton of plants. In .u, exemplary embodiment, MS and N6 medta 
have been modified (see Table 1 of U.S. appUcation Senal No.08/594.86., the 
disclosure of which is incorporated by reference herein) by including further 
substances such as growth regulators. A prefer^ growth regulator tor such 
purposes is dieamba or 2,4-D. However, other growth regulators may be employed, 
,5 i„eludingNAA,NAA.2,4.D or perhaps even pieloram. Media improvement m 
these and like ways was found to facilitate the growth of cells at spectfic 
developmental stages. Tissue is preferably maintained on a basic media with grow«, 
regulators until sufficient tissue is available to begin plant regeneration efforts, or 
following repeated rounds of manu^ seleetion, until the morphologyoftheussuers 

20 suitable for regeneration, at least two weeks, then t,ansf«Ted to media conductve to 
nraturation of embryoids. Cultures are transferred every t.o weeks on .h,s medtum. 
Shoot development will signal the t,me to transfer to medium lacking growth 

regulators. 

THe transformed cells, identified by selection or screening and 
25 cultured in an appropriate medium that supports regeneration, will then be allowed to 
mature into plants. Developing plantlets are transferred to sotlless plant growth m,x, 
and h^dened, e.g., in an envtronmentally controlled chamber at about 85% relattve 
humidity, about 60O ppm CO^, and at about 25-250 microeinsteins m ^-s ' of hght. 
Plants are preferably matured either in a growth chamber or greenhouse. Plants are 
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.,e„era.ea fro. a.ou, 6 wee.s ,o ,0 .o„.hs a^c, a .ransfo^a.. is ,ae„„fie. 
,epe„d,„g on *e ,„,.,a, .,ssu=. Dunn, re.enera.ion, cells are grown on sol, ™ed,a 
lLelrevessels.nins.ra..vee.— sofsu..^^^^ 
and Plan, C„n.s. Regenerat.ng plants are preferably grown a, about, -o 28 C 

.hey may be transferred to a greenhouse for further growth and testtng. 

Mature plants are then obtained from cellhnes that are known to 

e.pressthetraH.Ifposs.ble,theregeneratedp,a„tsareselfpo,linated.taadditio„, 
p*„obta,nedftonntheregeneratedp,ar,.siscrossedtoseedgrownpan.o^^ 
,0 agrononttcally itnportant tnbred hnes. In sonte cases, pollen .om p ants ofthese 
,„bred lines is used ,0 polltnate regenerated plants. The trait ,s gertettcally 
Characterized by evaluatrng the segregation of the trait ,n first and later generat. n 
rgeny-Thehentabilityandexpressioninp-softrattsselectedintissueculture 

are ofparttculartmportanceitthe traits are to be con^erciallyuseM. 

Regenerated P...S can be repeatedly crossed to tnbred matze plan s 

,„ order to tntrogress Ute preselected DNA sequence into the genomeof the inbre^^ 
m^zeplants. «s process ,s referred to as baCcross conversion. «e„as— 
nurrtberofcrossestotherecurrentinbredparenthavebeencomplet^ltnrder. 
produceaproductofthebaCcrossconversionprocessthattssubstanua^^yso- 
.0 wi.htherecurre„,inbredparente.c.tfor.heprese„ceoftheintroducedprese,ec.ed 

ONA sequence, the plan, is self-poUinated at least once in order to produce a 
lozy ous baCcross convened inbred contatntng the preselected DNA sequence, 
rgrorthcseplantsaretruebreedingandthewet^tpercentageofaparttcular 

Lno:cid,„apla„tpart,e.g.,theseeds.orthean,ountofstarch.nthes„ 

are conrpared to the weight percentage of that anttno acid or amount of tar.h . 
Len parentinbred,inthef.e,du„derarangeofenv,ronmen.alco„d,t,ons(see 

rw,.l.etenr„„ationof.hewerghtperce„tageofanan„noacidoramountof 
Starch are well known in the art. 
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Alternatively, seed from transformed monocot plants regenerated 
transformed tissue cultures ,s grown .n the Held and self-poUmated to generate 

true breeding plants. 

Seed from (he fertile transgenic plants is then evaluated for the 

5 presence and/or expressron of the sense or antisense DNA se,ne„ce. Tra„sgen,c 
Ltiss„ecan.ea„alv.edforasu.sta„.ral«..,on,„thep,o.uct.onoftHeseed 

storage protein nstng standard methods such as SDS polyacrylamide gel 
e,ec.lphores,s.Asuhst.tiaUnhihiUonoftheproductio„of,heseeastoragepr.^^^^ 

, a decrease in the weight percent of the se^ storage protetn, preferably of about 
,0 70-100% and more preferably about 80-100% over that nonnally present ,n a 

„ontr»sforn,edseed.Theweigh.percen.ofaseedstorageprote.„or.a.»oa^^ 

, bas^ upon .he antot^t of that proteta or anrino acid present per total wetght of all 
proteinsoL.noacidsintheseed.Theseedcanalsobeevalua.edfora„,ncrease,„ 

,5 standardn,ethods.Ar,increasein*eweightpe,centof,hetarge,an„r,oac,d,s 
p.ferablyabout50-300./.,and™repreferablyabout.00-200%,overthatno,.ally 

present ir, the untraasfortned seed. While not in any way meant to hm,t the 

invention, «>e decrease in flte expression in the target seed storage protetn -s 
ge„e«.lyaocompa..edbya„increasei„o*erpro.einshavingaminoac,dsesse„t,a, 

20 in the diet of animals. 

c^pH PvnressinB the sense or antisense DNA 
Once a transgenic seed expressing 

secuence and havtng . increase ,n the weight percent of the am.no acid essent.a, ,n 
:.etofanimals,sident,r,ed>eseedcanbeused,odevelop.n.ebreed,ngpan^^^ 
T,etr„ebreed,ngp,antsareusedtodeve,opa,ineofplantsw,than,„creasem^ 

,5 weight percent of an amino acid essenUal ,n the die, of animals as a dom,nanU.^.t 
^hiLLmaintainingotherdesirablefitncttonalagronomtct^tts. Addtngthe ra,t 
ofincreastngthewetghtpercentofanamtnoacidessenttaUnthedtetofantmalso 

agronomicallyeliteltnescanbeaccompUshedbybaC-crosstngwiththtstraand 
.;th those wtthout the tratt and studytng the pattern of inheritance in segregattng 
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generauons. Those plan.s expressing ,he urge. .rai. ,n a dom.nan. fash.on are 
p.eferab,y seleCed^ Back-crossiag ,s ea^ied ou, by crossing .he ongina, fen.le 
.ransgenic p,an.s w,.h a p.an, fro™ an .nbred „ne e.h.bi.ing desirable fune.ional 
agronon^c charac,ens„cs whHe no. express.ng .he .ra„ of an increased we.^h. 
5 percen. of .he .arge. an„no ae.d. The ^esuh.ng progeny are then crossed back .0 .he 
paren. no. express.ng .he .rai.. The progeny from .his cross w,.l also segrega.e so 

repeated unU. U,e inbred hne w,.h desirable functional a^nomic .ra,.s, bu. 
.,hou. ,he .rai. of an increase in .he weigh, percent of an annno acid essentia, ,n Ute 
10 diet ofanimals, which is expressed in a dominant fashion. 

Subsequen. .0 back-crossmg, the new transgenic plants are evaluated 
for an increase tn the we.ght percent of an antino acid essential in .he diet ofanimals 
as well as for a bauery of functional agronomic characteristics. These other 
actional a^nomic characteristics include kernel hardness, yield, resistance to 
,5 disease and insect pests, drou^t resistance, and herbicide resistance. 

Plants that may be improved by tese methods include but are not 
Um,ted to processed plan« (canola. potatoes, tomatoes, lupms, sunflower and 
cononseed), forage plants (alfalf. clover and fescue), and the grains (mai^, wheat, 
barley, oats, rice, sor^um, millet and rye), lire plants or plan, paris may be used 
20 dir«tly as feed or food or the amino acid(s) may be exttaCed for use as a feed or 
food additive. 

To confirm .he presence of .he preselected DNA sequence m the 
25 regenerating plants, or seeds or progeny derived ftom the regenerated plant, a vanety 
ofassays may be performed. Such assays .nclude, for exantple, "molecular 
biological" assays well known to those of skill ,n the ari, such as Southern and 
Northern bloning and PCR; "b.ochemical" assays, such as detecfng .he presence of a 
protein product, e.g., by immunological means (ELISAs and Western blots) or by 
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enzymauc function; plant part assays, such as leaf, seed or root assays; and also, by 
analyzing the phenotype of the whole regenerated plant. 

Whereas DNA analysis techniques may be conducted using DNA 
isolated from any part of a plant, RNA may only be expressed in particular cells or 
5 tissue types and hence it will be necessary to prepare RNA for analysis from these 
tissues. PGR techniques may also be used for detection and quantitation of RNA 
produced from introduced preselected DNA segments. In this application of PGR it 
:s first necessary to reverse transcribe RNA into DNA, using enzymes such as 
reverse transcriptase, and then through the use of conventional PGR techniques 
10 amplify the DNA. In most instances PGR techniques, while useful, will not 

demonstrate integrity of the RNA product. Further infomiation about the nature of 
the RNA product may be obtained by Northern blotting. This technique will 
demonstrate the presence of an RNA species and give information about the integrity 
of that RNA. The presence or absence of an RNA species can also be determined 
1 5 using dot or slot blot Northern hybridizations. These techniques are modifications of 
Northern blotting and will only demonstrate the presence or absence of an RNA 
Species. 

While Southern blotting and PGR may be used to detect the 
preselected DNA segment in question, they do not provide information as to whether 
20 the preselected DNA segment is being expressed. Expression may be evaluated by 
specifically identifying the protein products of the introduced preselected DNA 
sequences or evaluating the phenotypic changes brought about by their expression. 

Assays for the production and identification of specific proteins may 
make use of physical-chemical, stmctural, functional, or other properties of the 
25 proteins. Unique physical-chemical or structural properties allow the proteins to be 
separated and identified by electrophoretic procedures, such as native or denaturing 
gel electrophoresis or isoelectric focussing, or by chromatographic techniques such 
as ion exchange or gel exclusion chromatography. The unique structures of 
individual proteins offer opportunifies for use of specific antibodies to detect their 
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,„sence ,„ fon^ats such a. an EL.SA assay^ Co.binaUons of approaches ™y be 
employed wi.h even grea,er specif.ci.y such as Wes.em b.oU.ng in which an.,bod,es 
are used ,o locate md.vidual gene products tha> have been separated by 
e,ectrophoretic techniques, Addt.iona, techutques n,ay be entp.oyed to absoiuteiy 
5 conftnm the iden.t.y of the product of interest such as evaluation by amino actd 
.equencng foUowtng purrficafo. AUhough these are anrong the mos, eo^nronly 
employed, other procedures may be additionally used. 

Very frequently the expression of a gene product is determrned by 
evaluating the phenotypic results of its expression. These assays also may fake many 

morphology, or physiological properties of me plant. Chemical composrUon may be 
altered by expression of preselected DNA sclents encoding storage pro.ems whrch 
change amino acid composition and may be detected by amino acid analysts. 
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IV. 

thP Dipt of Animals. 

The present invention is directed to increasing the amount of an 
amino acid essential to the dtet of ammals in a ^genic plant or seed over mat 
20 normally present in the corresponding nontransformed (nontransgenic) plan, or ,.s 
seed Plant cells are stably transformed with a preselected DNA sequence that 
encodes a RNA molecule having substantial identity (sense), or complementanty 
(anttsense). to a mRNA coding for a seed storage protetn. preferably a seed storage 
protein which ,s deftcient in a. least one amino acd essential in the dtet of atnma.^ 
„ The transformed cells are used to regenerate fertile transgemc plants and see^s. The 
an.isense.or sense, RNAsequence,sexpr.sedmtheseedsinanamoun.effect,veto 

irfribrt the production of the se^ storage protein. The decrease in the seed storage 
protem deftciem in the essenfal am.no acid results in an increase in dre wergh. 
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percent of other am.no acds, preferably e.en.,a. ar^tno ae.ds, present tn other 
rotetns ,n the transgenic seed over that nomraUy present in the nontransfonned seed. 

,„ a preferred embodiment, a maize cell l.ne is transformed wrth an 
expresston vector compnsing a preselected DNA sequence coding for a RNA 
5 molecule substantially identical, or complementary, to all or a ponion of a mRN A 
coding for a ,9 kD or 22 IcD a-zeln protein operab.y ,i.*ed to a promoter or a .0 
zein protein. Anoflrer prefe.ed embodtmen. includes Itnldng .he preselected DNA 
3e,uenceto.heZ27 promoter. The expression vectorpreferablyfhrthercompnses a. 

leas, one selectable marker gene. The maize cell Itne is transfomred by b.ohsttc 
,0 transformation and transform^ts are ini.tally selected by growth in the presence of 

nent^nsformed cells. Transfomtants are fhrther characterized for the presence or 
expression of the preselected DNA se,uence by polymerase cham reaCon (PCR) 
reverse transcnptase (RT-PCR) analysis. Transformed matze cell lines havrng the 
,5 preselected DNA se,ue„ce are used to regenerate ferttle transgemc plants by tte 
method as described in PCT publication WO 95/06,28. The fertile .ransgent plants 
are self-pollinated or crossed ,0 a second plant variety, and the transgenic seeds are 
characterized for the inhibition of production of a .9 kD or 22 a-zein protem by 
Cuantitative Western blot, or SDS-PAGE, and for an increase in the wetght percent 
20 ofan amino acid essential to the die, ofanimals. such as lystne. 

,n an alternative embodiment, the present invention is dtreCed to 
increasing Ure we,^. percent ofan ammo actd essential ,n thediet ofanimals tn a 
plan, or seed by stably transfomting tite cells of a plant tissue source with at least two 
different preselected DNA se,uences. The f,r.t preselected DNA se,uence 
« comprises a preselected DNA sequence codtng a RNA molecule substantial y 

iden«cal.orcompleme„.ary.toamRNAforaseedst„rageprote,n.pref.abyaseed 

animals. The second preselected DNA sequence encodes a polypepttde compnsmg 
a. leas, one amtno acid essential to the diet of animals. The expresston cassettes 



45 

compnsing one or both of .he preselected DNA sequences can optionally eompnse a 
selectable marker gene and, optionally, a repotler gene. Each preselected DNA 
sequence ntay contpnse a different selectable nrarker gene so that transfon^ants 
containing both preselected DNA sequences can be readily selected. 
5 The cells of plant ttssue source, as well as the methods of 

transformation described previously, can be employed in co-transformatton. Co- 
transformatron can be conducted sequentially, that is. the cells of plan, tissue source 
can be transformed «i.h .he ftrst preselected DNA sequence and transformants 
selected Ue transformants can then be transformed with the second preselected 
,0 DNA sequence and transformants having both preselected DNA sequences can be 
selected. Typically, the initial selectton is based upon «.e trat. expressed by the 
selectable marker gene or genes. Co-transformation can also be conducted ,n one 
step .hat is. are cells of .he plant tissue source can be transformed with both 
preseleced DNA sequences a. once, e.g.. by electroporation or btohstte 
,5 transformation. Alternatively, two plants can be ct^ssed. The genome of one of *e 
planfs comprises the first preselected DNA sequence and the genome of the other 
plan, in the cross comprises the second preselected DNA sequence. 

Transformants contaimug both preselected DNA sequences are furttter 
characterized for the presence and/or expressionofthefirstpreseleCedDNA 

20 sequence and the second preselected DNA sequence by s^dard mettrods. such a. 
PCR or RT-PCR. Southern blot hybridization. SDS-PAGE and quantitattve Western 
blot Transformants having both tntroduced sequences are used .0 generare ferttle 
transgenic plants and seeds tereftom as descnbed previously. 

The .ransgenic seeds are then characterrzed for the presence and/or 
« expressron of both preselected DNA sequences. Expression of the first preselected 
DNA sequence c» be detected and quantitated by examtning the seeds for a 
substanfial inhtbition of the productton of a seed storage protem deficient ,n an 
ammo acid essentia, in the die. of antmals. Expression of the second preselected 
DNA sequence can be detected and quantitated by quantttative Western blot for .he 
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pun. protein co^pns.ng a. leas, one am.no acd essenual .n .he die, of animals 

a„,mals. such as lys.ne or nre.h,onine, as compared .o an un.ransforn,ed seed. 

In a preferred embodimen., a maize eelUme is eCransformed w,.h a 
5 firs. prese,ee.ed DNA sequence cod,ng for a RNA molecule subs.an.,a.ly .den.,cal, 
or .0 al. or a ponion of a mRNA codm, for a 1, Id, or 22 kD .-.em 

p„.eir,. and a second prcse.ec.ed DNA se,uence cod.ng for a .0 kD ze,n pro.em. 
The .9 WD or 22 kD a-zem pro.ein is preferably deficien. in a. leas, one am.no ac.d 
esse„.ialinU,edie,ofamma.s,suchas>ys,ne.me.hion,neor»yp.ophan. m lOkD 

10 zein protein preferably comprises a. leas, one amino acid essen.,al in .he d,e. of 
^imals, such as me.hion.ne. The isolated, punfied DNA molecule compr.s,ng the 
first preselected DNA sequence also preferably comprises a selectable marker gene 
or a reporter gene, such as GUS. The second preseleCed DNA sequence may 
contain a second selecable marker gene, such as glyphosa.c rcsistan. EPSPS. 

In a fiirther embodiment of the present invention, maize .s 
cotransformed with a firs, preselected s«rse DNA sequence coding ""'^^ 
molecule which is identical, or complementary, to «.e 19 kD or 22 kD a-zem mR.- A 
and asecond preselected DNA sequence encoding the synthetic protcm MBl. 
Alternatively, «,e second preselected DNA sequence encodes a 27 kD ze,n protem. 
20 Titus, it is contemplated that genes encoding other synthetic or naturally occumng 
proteins comprising at least one amino acid essentia, in the diet of an,mals may be 
substimted for MBl . Even more prefetably, ma,ze .s co^ansformed w,th a first 
preselected sense DNA sequence cod,ng for a RNA molecule which is ident.cal, or 
complementary, to the 19 kD or 22 kD a-ze,n mRNA, a second preselected DNA 
25 sequence encodingthe synthettc protein MBl, and a thtrd preselected DNA sequence 
encoding a 27 kD zein protein. 

TransformanB having bo.h prcselec.ed DNA sequences are used .0 
generare fertile .ransgemc plants and seeds. The transgemc seeds are charac.enzed 
by a subs.an.ial i,A,b,.ion of .he produCion of a 19 kD or 22 kD a-zem pro.em. 
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ace^med, for cxan,p,e, by quan.Uative Wes.e™ Mo., and by an .ncrease in .he 
„e„h. percen, of an an.,no acid essen.,a, in .he die. of an,n,a,s, snoh as n.e.h.on,ne 
or ,ys,ne. The .ransgen.c seeds and p.an.s can be used ,o develop ..e breeding 

5 in .he d,e. of a„,ma,s can be expressed as a domina.,. ,rai. while s.,1, — ,ng 
funcional agronon,ic qualilies, as described hereinaboye. 

V IlinU tr IrT-ii" ContegtotaPtolgsid 

The invemion also provides for an increase in the weigh, percen. of 

,„ s.arch .n a plan, and/or seed. T.e -hod comprises s.ably .ransfo^ing me cells of 
apla„..,ssnew,.haf.rs.preselec.edDNAse,ue„cecodingfora„RKA»o.ecule 

sl.an.iaUy homologous or con,plemen.ary .o all or a portion of a mKNA cod,ng 
for a. least one seed s.orage pro.ein. While no. in any way mean, to hm.. me 
l„ven.ion, i. is believed *a. a decrease in flre expression of seed s.orage p..«n ,n 
,5 .he seed resuLs in an increase in me weigh, percen, of .he s.arch in me seed. The 
prese.ec.ed DNA sequence is preferably operably linked .0 a promoter fimConal ,„ 
plan, and/or seed. Transformed cells are used .o rcgencra.e ferrile «ansg=n.c plan« 
ana/or seeds. Tl,e ttansgemc seeds are oharaCerized for expression of me 
pr^seleced DNA sequence by examining .he seed for a snbs,an.ial inhib,.,on „ .he 
20 produCion of a. leas, one seed s,orage prCein and for an incr^e in ,he we,gh. 
percen. of sUrch over .ha. normally presen. in an unttansformed seed. 

The firs, preseleced DNA sequence can be derived from a DNA 
sequence e„cod.ng a. leas, one plan, seed s.orage pro.ein. Plan, seed s.orage 
proreins ,ncMe ,he zein pro.eins of maize such as .he P- V, or 6-.ein pro.e,ns 
„ While no. in any way mean, .o limi. .he inven.,on, i. is believed .ha. a decrease -n .he 
expression of seed s,orage prCein in ,he seed resuUs in an increase in me we,gh 
percen, of ,he s.arch in .he seed. Preferably, .he presence of ,he frs, preseleCed 
DNA sequence resuHs in a subs.an.ial .nhibi.ion of a, leas, one seed s.orage pro.em. 
and more preferably resul.s ,n ,he inh.b..,on of .he „-zein pro.eins. The preparai.on 
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of said nrst DN A sequence as well as Us l.nkage .0 suitable promo.e. can be 
acccpUshed as dcscnbed bercnabove. CeUs of plan, .issue can be Uansformed as 
descnbed above, and .ransforman.s se.ec.ed^ Transfor^ants a.e used ,o generate 
fertile transgenic plants and seeds. 
, Transgenic seeds are charactenzed by an increase tn the we.ghl 

percent of starch in tbe seed over that present in the untransfonned seed. The weight 
pe.en. of the starch content ,n the se<^ can be determtned by enzymattc hydrolys.s 
and glucose determination. The weight percent of starch is calculated by companng 
.he weight of the st^h in the seed compart to the total weight of the seed^ An 
.0 increasetnthewetghtpercentofthestarchtnthetransgentcsecdispreferablya^^^^^ 
, .0%, and more preferably about 3 to 8«/., and even more preferably about 5 to 
7% over that in the non-transformed seed. 

Transgenic seeds with an increase in the weight percent of starch can 
be used ,0 develop true breeding plants expresatng .his trait ,n a domtnant fashton 
15 while still maintaining ftmc.ionalag«,nomic ..aits as described previously. 

Reduction of a-zein levels in com kernels may also increase the 
degree of starch recover, from ope..ions such as we.-millmg of gratn as a-ze,ns 
c„..im.e U.e major portion of *e proteinaceous matrix which surrounds srarch 
^ulesinftekemeKLopesandLarkins, 1993). A reducion in fl,e amoun. of mese 
,0 hydrophobicpro.einsc„uldfacili..erecove.yofs.archgr.ns. T.is is of particular 
si^ificance for special.y s.arches, such as «ra. obtained from high-amylose cot. or 
waxy com, because those starches are of much hi^er value than that obta.ned from 
,„ 2 yellow dent com. An mcrease in staroh yeld, i.e.. the percent of starch present 
in the icemcl wh.ch may be recovered by wet miUing. ,s preferably about 1% to 20 /.. 
25 more preferably about 3o/. to ,5%. and even more preferably about 6% to 12/.. 
greater m gratn from plants conUimng the preselected DNA sequence over gratn 
from planB which do no. con.ain .he prescleced DNA sequence. 
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StQrage.Proteins. 

The invcnuon also provides a method for ,„h,b„mg .he express.on of 

3 L,ze L prcerns are eneoded by maUr-sene famHres, The nruh,-sene farn.hes 
:respondng.o.e,npro.e.shavedi«ere„.,no,ee„.ar.eish...e,„prore,,,s 

prolwrrh — we,h.of,,^.d..«,;Neinpro.e,ns,„.^^^ 

;JwUha — we.^fof,4.0...,„pro.e.s«udepr— 
L,ecu.arwe,h.ofahouf27«>and.6«>;and6-.h,pro.,ns.„cude^^^^^^^^ 

,„ .„hnro,ecu,arwei^.ofabou.,0^. Each family can have severa, subfamUes. 
Porexan,p.e.flres„bfam,l.esfora-«.npro,e,„sarede.ermi..edon,hebas,so 

Forexamp , ,90 A^O B49 B59, or B36 as descnbedby 

sequence homology to cDNA clones A20,A30,B49,B 

• ^ nrtlip 74 cDNA clone encoding the 22 kDa-zein. 
Messing etal., cited supra., or the Z,4cuiNrt.^ 

«,membe,sof.esames„bfamnyshareabo„r,OV..o,OOV.a^^^^^^^^^^^^ 
.eTuencehomo,ogyandmembersofdifrere„,s„bfan.«e.shareabo„.60/aoSO/. 

amino acid sequence homology. 

The examination of the amino acid sequence for the a-ze,n 
.bfamiUeshasidentiHedfour,.cU„naUubdoma.nsandre.o.ofs^^^^ 

acid homology in these Actional subdomains as shown m F.gore . . Tltese regrons 
,0 :linoacirse,uencehomo,ogycanheus.toana,y.am,noactdse,uences^m 

JsubfamtltesandfamUiesof^nproteinsforbomology. .addit,on>- 
inscanbeusedtoselectDKAsequencestbatcncodeaKNAmoleculethatc. 

litproductionofaf™«yorasubfam.,yofthe.,nproteins. ^nanttsenscRNA 
.qjetbancan,«.product,onofafamilyorsuhfam.,yof.mp™...^ 

« nrlferably a sequence that is substantially complementary to a portton of a mRNA 
" thatissubstanttaUyhomologousbetweenaUmembersofthcsubf™^^^ 
l,yofthezemprote.ns.A,te™atively,i..s contemplated thatpreselecte^sene 

OKAsequencesmaybeusedtosuppressthesynthesisofafamilyorasubfamtlyof 

zein. 
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.,„„sor..e.,„p.o.e.— ^^^^^^ 

Thedo™a.n — .>.e.ande».epea..of20™inoac.dshas.Ke 

^ ..c^ nisf A seauence encoding mis regiun u 
,e employed .0 ^P-" " „.,,„,e DNA sequence fto™ .Hs 

^^^^ 

f a cDN A or genomic clone coding tor a seed siorage 
endonuciease drgesUon ot a cDN A . g ^ ^ 

"^^'^rr.—e cap* 
M an.isense express,on cas e«e .0 ^^^^^ .^^ ^ 

.andan. assay such as hybnd ^ 

„DNAse,uenceresui.s ns* .a ^^^^^^^^^^^^ 

t:::;:^'li„pro.e,.. Thcp.ese,ee.ed 
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,v »Uo be used. Fertile transgenic plants and 
heremabove. Sense DMA sequences may also 
seeds are generated from .he .ransfonned cells. 

....tattvewe^ern^^^^^^^^^^^^^ 

...„g.a^.— sub— complementa. — 
.a„ae,nrepea.regto„ordo.ain3ofana.einprote,n... ^^^^^^^ 

,0 .itbaZlOp^moter. ^^^^-^^^ - 
„KAse,uencecanalsoco.np,.seoneor™.— 

-----r:T— trrusedtosene^ateferaletransgentc 
trans— are selected. Irat^fc™ ^^^^ 
plants and seeds. The transgento « ^^,,,,„„ 
preselected antisense DN A sequence by confirmtng 
production of the A20 subfamily of «-^ein protetns by quantttattve We 

-J f or, mrrease in the expression of a 
The invention forther provides for an increase 

■ , . cn^/nr seeds The method involves stably 
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The nrst preselected DNA sequence encodes an anlisense or sense 
RNA for a. ,eas. one seed storage protein. The frst preselected DNA seqnence ,s 

cassette. Optionally and preferably, the expression cassette also conrpnses a 
5 selectable marker gene artd, optionally, a reporter gene. 

The second preselected DNA scuenee. which encodes a polypcpttde, 

, operably hnked to a promoter fttncttonal ,n plant and/or seed. Prefenbly, the 
^Iter sMcttonaldnringplantandseed development. Thesecondpreseeeted 

ONAsc,neneeencodesapolypep.ide.ha.prov,des.hep.antorseed«,thades,rab,e 

,0 functional characteristic, such as tnereased disease or pes. resistance, drought 

res,stance,i„ereasedaminoaeidbtosyn.hes,s,,ncreasednutritionalva,ue,,ncreased 

kernel hardness, and the like. , ,u 

The preselected DNA sequences can be operably hnked to the 
promoter by standard methods provided ,n Sambrook et al.. etted and as 
f5 described previously. Optionally »d preferably, the expr^sion cassene wtaeh 

IprisestheseeondpreseleetedDNAsequencealsocomprrsesaseleetablemarker 

gene differs, from the selectable marker gene present in the expresston cassette 
comprising the first preselected DNA sequence. 

Transformation of plant cells is conducted by any one of the methods 
,0 described previously. T.e plant cells can be transformed with the ftr^t atrd/or second 
UDKAsequencessequentiallyorstmultaneously. When the plant cells . 
e,uent,allytransformed,transformantscomprisingthefirstprese,eetedse,uenceare 

cells are then transformed w.th the second preselected DNA sequence and 
« transformantsarcobtainedbasedupondtepresenceofeachofthcselec^ 

,enes present on the expression cassette eompnstng the first preselect d DNA 
equenceandpresentontheexpresstoncsenecompnstngtheseeond preselected 

DNA sequence. Transformants containtng both the first and second preselected 
DNA sequences are used to regenerate ferii.e transgenic plants and/or seeds. 
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The transgenic seeds are characterized by express.on of the first and 
second preselected DNA sequences. Expresston of the firs, preselected DNA 
sequence is evaluated by measuring a subs.anttal inhibitton in the producfon of at 
least one seed storage pro.etn. Expresston of the second preselected DNA sequence 

5 is evaluated by detecting the preselected polypepttde ustng standard pheno.yptc or 
genotyptc methods, such as quantitative Western blot. An mcrease ,n the expresston 
of a polypeptide can be determined by comparmg the weight percent of the protetn 
pr^uced in plants or seeds transformed wi«r Ute second preselected DNA sequence. 
T,,e expression of the polypeptide ts preferably increased about 2- to 100-fold, and 

,0 more preferably about 5- to 30-fold, over .ha. in a plan, and/or seed only .ransformed 
wi.h .he second preselected DNA sequence. 

The invemion will be further described by flie following examples. 

EXAMPLE 1 

15 ^„^,. p..,i..n of Plasn.id£ ffllttilUl ll! rt"(<"-nse 1>N^ Con«r~tB 

Antisense expression cassettes were obtained by using sequences 
ftom cDNA clones encoding zein pro.eins. The cDN A clones were prepare by 
s.and»i memods, described previously by Ge«gh.y e. al. (1982) and Hu e. al. 
(1982), which are hereby incorpora.ed by reference. The cDNA clone A20 encodes 
20 an a-zein protein of the 19 kD size class of the Zl A subfamily of zein genes. 

Another cDNA clone designated Z4 encodes an a-zein of the 22 kD size class of ,he 
ZIB family of genes. The ZlA and ZIB subfam.lies and .heir charactensttcs are 
shown in Table I. 
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Anlisense expression cassettes comprising the complete cDN A 
sequence for clones A20 and Z4, as well as portions of those sequences, were 
generated. The portions of each sequence were selected hy examintng the sequence 
of the 19 kD and 22 kD a-zein proteins. As shown in Figure 1, the pnmary 
; sequence of the polypeptides can be divided into four domains, as described by 
Messing el al. (1983). DomainI contains the highly conserved 21 ammo acd 
signal peptide that is cleaved during cotranslational transport of zein protetns mto 
the lumen of the endoplasmic reticulum. Domains 11 and W are the N-terminal and 
C-terminal regions, respectively, of the mature zein proteins. Domain .11 represents 
0 the major source of sequence homology between subfamilies as it contains 9-10 
tandem repeats of sequence encoding a 20 amino acid sequence. The number of 
repeats present in Domain 111 determines the size of the a-zein protein (19 kD or 
22 kD) Typically, individual members within a subfamily share 90-100% sequence 
homology and while die sequence homology betwe™ subfamihes ranges fi^m about 

15 65-85%. , . 

All antisense plasmids for m v/,ro system analysis were constructed 

by standani recombinant techniques as detailed below, using the transcriptional 
vectors pSP72 and pSP73 (Promega, Madison WI). Uese transcription vectors are 
2 46 kb circular plasmids, containing 103 bp of polylinker sequence inserted 
between convergent T7 and SP6 transcriptional promoters. The rivo transcnptton 
vectors difrer in the orientation of the polylinker with respect to the promoters. 
Antisense plasmtds, complementary to all or porttons of tfie cDNA clones A20 and 
Z4 were constructed as described below. 

The RNA sequence for A20 (SEQ ID N0:1) and the DNA sequence 
for Z4 (SEQ ID N0:2) zein are shown in Figures 2 and 3, respectively. The 
relevant A20 and Z4 genes and gene fragments used in ant.sense constructs are 
shown in Table II. 
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TABLE II 



10 



15 



Antisense 
Construct 
nesi gnation 

SP20 ent 

SP20R3' 

SP20R 

SP20P 

SP20P5' 

SPZAent 

SPZ4R3' 

SPZ4R5' 

SPZlOent 



Restriction 


Insert 


F.n/vmes 


Size 


Ball/EcoRI 


711 


Ball/PstI 


488 


Pstl/PstI 


262 


Ball/EcoRI 


863 


AccI/EcoRI 


458 


SacI/BamHI 


960 


Xbal/BamHl 


713 


BamHl/Ddel 


246 


EcoRI 


640 
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All resttiCion and modifcation enzymes and buffers were obtained from New 
England Biolabs. Inc. (Beveriy, MA), unless otherwise noted, and used accordmg to 
the manufacturer's specifications. All insert fragments were gel isolated and 
p^^fied by the Geneclean method (BIO 101 , Vista, CA), and all vectors were 
treated with calf irrtestinal phosphatase (Boehringer-Mannheim Corporafon, 
hrdianapohs, IN), .hen gel isolated on low tnelting point agarose before additton to 

25 the ligation reactions. 

Antisense constructs encoding all or a portion of the cDNA clones 

from A20 and Z4 were prepared as follows: 

. 1 ;^ «TTri9/A?r) containing the entire mature coding 
<;P90HNT- The parent plasmid pUC12/AZU, conidunug 

30 and 3' nontranslated sequence (nts) from the A20 cDNA clone (the RNA se,ucncc 
of A20 is shown in Figure 2). was dtgested a, the EcoRI site (nt 1 75) and the Ball 
site (nt 886) to generate a 71 1 nt fragment contaimng the entire sequence except for 
55 bp of 3' nts. The fragment was ligated tnto pSP72 which had been dtgested w.th 
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EcoRI and PvuII, resulting in 3' to 5' antisensc 
to the SP6 promoter. 



orientation of the gene with respect 



SP20R3'- A 488 bp fragment, contaimng the sequence encodmg the mid-repeat 
;~:;:;;ough the 3- nts A20 from the Pst I site at nt 298 to the Ball site at nt 8S6, 
was isolated from the parent plasmid pl020R3' prepared as m Example 2. The 
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.olation the fragment was ligated into PSP72 that had been digested with these 

enzymes also. The gene fi-agment was 
SP6 promoter 



; therefore oriented 5' to 3' with respect to the 
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SE2!!^ A262bpfta8.e„.,tomn.398.on.660was«b.ai„edbydiges.ing 
PUC12/A20 with PS.I. The purified ftagmen. was Ugated into pSP72 digested w,,h 
PstI to make pSP20R, containing the sequence 
A20 in the 3' to 5' orientation with respect to the SP6 protnoter. 



sncoding the mid-repeat region of 
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SJ22E: The 5' end of the A20 transcription unit was reconstructed by PCR 
,„p«fication of a fragment containing 5' ..s and encoding .he signal pepude 
trough the mid-repeat region, since the 5' nts and signal peptide sequence was not 
contatned in the pUC12/A20 clone. The primers used in the amphficatton are 
designated A20P5'.2 (SEQ ID N0:3) and A20P3. (SEQ ID N0:4,. The fragment 
was amphfied from genomic DNA isolated from leaf tissue from the maize tnbred 
„„e A654, and contained 458 bp of A20 cDNA sequence, from m 58 to nt 

The conditions for PCR arc detailed below; all reactions were earned 
out in a Btosycler™ oven (Bios Corporahon). Each reactton contatned 10 ^ of lOX 
PCR reaction buffer, 10 fl of 20 mM MgCl. .0 ^ of 2 mM dNTPs, 10 ,1 of each 
pnmer (stock 2.5 ml) and 0.5 ,1 (2.5 U) of Ta, polymerase (Perktn-Elmer Cents . 
for a total of .00.5 p.reaetton. An annealing temperature of 56'C was u.ed, and a 
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,„,al of 30 cycles were performed, mcluding .he f,rs. three cycles with extended 
incubation a, .he 94"C dena.unng .enrpera..re. Paran^e.ers for .he f.rs, .hree 

annealing .en,pera.ure of 56X, and 30 seconds a, .he syn.hes,s .en,pera.ure of 
n-C For .he rcmain.ng 27 cycles, .he paramCers were as follows: after bnng,ng 
,be reacions .0 94-C. 15 seconds a. .h,s .en«pera.ure, .hen .5 seconds a. 56"C. 
followed by 15 seconds at 72°C. 

The 458 bp product was designed to add a 5' EcoRl site, and 

V Arrl site After digestion with these enzymes, the 
included an endogenous 3 Accl sue. u g 

anrphfied fragmen. was Uga.ed .mo pSP20ENT also digested wi.h these enzymes, 
replacing a 320 bp ftagmen. con.aining *e shoner 5' end fragmen. of A20 .xom 
PSP20ENT. After recons.r„c..on. .he gene was approximately 860 bp long, and 
con.a,ned approximately 55 nt of 5- nts. the sequence encoding the signal pepude, 

and the enUre coding sequence as well as 3' nts. The reconstructed gene is onented 
3' to 5' with respect to the SP6 promoter. 
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pp,0P5.. The 5' end of the A20 gene, after PCR amplifrcation and digestion w,th 
EeoRI and Accl as described above, was cloned into pSP72 .0 generate pSP20P5'. 
™s construct contains 458 n. of A20 sequence, including 55 n, of 5^ nontranslated 
sequence and 403 nt otcoding s«,uence. which .ncludes approximately the N 
.en„,nalhalfofthecod,ng sequence. The tnserted sequence ,s oriented from 3 to 

5' with respect to the SP6 promoter. 
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SE^ffiHI: Essentially, the entire Z4 transcnp.ion uni. .s con.ained in .his clone, 
with a .oul rnser. size of 960 nf The gene was recons.ruc,ed from two Z4 



subclones 



PSPZ4R3' and pSPZ45'.wh,charedescr,bed below. The parent vector 



was pSPZ4R3', containing 713 nt 



of mid-repeat to 3' nts sequence, from nt 630 to nt 



1341 of the Z4 sequence (the DNA sequence 



of Z4 is shown in Figure 3). The 5' 
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,n reconstitution of the mtact Z4 transcnpUon unit. 

SPZ4R3'- A713ntinsertfragment,— gthemid.epeatregionto 

isolated after digestion with BamHI (nt 630) and Xbal 
3'noncoding sequence, was isolate aft. g^^^^ ^^^ 

r t n4n The fragment was ligated into pSP72 digesiea 

(nt 1341). I he iragm in 3' to 5' direction with respect to the 

resulting in orientation of the gene fragment m 3 to 5 

SP6 promoter. 

,PZ45- A247 n. fra^en. containiu g 76„.of 5' noncoding se,ue„ce,,he .igne. 
SEZ4i.A247nt gm ,„f„^e protein coding sequence was 

peptide sequence, and app—iy iOOn o J 

,„„ed.n.opSP7a. ^'^^ ^iease *e des.ted .agnte. r.. 
createbluntends,mendigestedw,thBanJB«>rele^ ,^„,,ng in 3' to 

„ was ligated into pSP72 digested with EcoRV and Banffl, resuinn^ 
'l.aUonoft.egene^g.nentwi.h.spect.oti.eSP6pton>ote.. 
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SfmSm A 670 nt fragment containing the entire Z.O transcriptional ^t was 

„1 10 zein CDNA clone plOkZ-1 hy d,gestion with EcoRI (the 

isolated from the lU icu zeiu 1.1.^ 

sequence of the 10 IcD .ein gene can be found in Ktnhara et a, 198S). Ma 
rgest,o„ofpSP72withEcoRlalso.theinsertwas„ga.^w,mthevectoro 

I ce pSPZlOENT. acrcular plasnnd of 3.16 .b. Clones were obtamed 

contained the 10 kD transcnption umt onented 3 to 5 with 

promoter. 
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EXAMPLE 2 
onstructimomasmid^^ 



tructed for expression in maize, 



Asetofantisenseplasmidswascons- 

thp 74 and A20 sequence as ^ 
.,„,e„U.o.po«,on 0^2^- ^^^^ ^^^^^ 

above. The antisense constructs weic 



endosperm tissue 



to form a DN A sequence that can 



detailed in Example 1, 
promoter functional it 
be expressed in a plant seed. 
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.ee„.™.p..o..-.U3.p.^^^^^^^ 

J- „ 1 n WD 7ein promoter upstream ot a snori y 
encodmg a 10 kD zem pr ^^^^^^^ ^.^^^^^^^ 

1 A ' Plpment The vectors plUA ana p i v^^^ 
ofpZlOnos ^„ .,i„,,„a„„escoa.aim„gbotoorien.at,onsot.he 

vers oncontamsthepoiyunKci .^u,4 6Skb Ant sense 

25 described below. 

,O.0ENT- A725n.,nse«fra8me„.— g.hema.ureA20codi„ga„. 
^„._..eeB,.p,._^^^^ 

polylinker sequence) and xnoi. 
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which contains *e A20 sequence mscrted 3 lo 5 w,th 

,0,„R3. A488n.,nse«fra^en,con.a,nins.hen,i<i-rcpea..o.he3.no„coa,n, 

of A20 was .seated fron, the Cone pUCn/A20. The insen contains 
rhePrsi.ea.n.3,Sandcon.,„nes.o*e Bail s,.ea,niS86. The 
sequence ftom .he Ps.I a ^^.^^ ^^^^ ^^^.^ ^ 

,„sertwasob.ainedbyd.ges.,onofpUC12/A20w ...^.jojpsU 
^Osequence,.e„pa«ia.dises..on...KPsa(dise.— ^-^^^^^^ 

the Hindlll/PstI fragment was digested With Ball, Which re J 

. d88 nt fragment with Pstimall ends. This 
252 nt from the 3' end to generate a 488 nt fragm 

.agmentwasUgatedintoplOBwhichhadbeencutwithSmal^dPstl^^^^^ 
LlnoftheA20R3'fragmentmthe3'to5'o— withrespecttotheZlO 

promoter. 

^...Unse«....,c„n...— ^ 

SP20R ftom Example 1), was obuined by d,ges»on of pUC12/A2« 
rp>OXwasalsodisestedwi.P..anM««.iSa«on,c,one.w^„b.ned 

rllo— of*efta^e„.wi«,.especUo.heZ«p™mo.er. M 

:Zeft*ca.Acc,s..ew.«n.bei„se«wa.osed.ose.ec.c,o„escon,a..nS.he 

fragment in the desired antisense orientatton. 

OPGm The 863 nt insert ftagment containing the reconstructed A20 gene (as 
^JpSP.OPabove,wasobtain.bydigest,ngpSPWw..hXho- 

Bg.n,botho.wh.chcu.,n.hepo,y«er>>e„,,gati..^^^^^^^^^^^ 
had been digested with Xhol and BamHI. Th,s resulted m a 3 to 5 
,he reconstmced A20 gene wi* respec. to the ZIO promoter. 
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• tho entire Z4 gene as described above for 
npr^40- A 875 nl fragment, containing the entire ^4 g 
e^^^^ . f„cp74ENTwithHindlll,Klenow 

n<^P74ENT was obtained by digestion of pSPZ4bN i w 

^ . .. ..u These enzymes cut in the polyHnker sequence 

outside the gene m pSPZ4ENT. The vector, plOX, was dige 

. thYhoI before ligation with the insert fragment. The 
treated then d gested with Xhoi t)eiore 

treated, men g v to 5' orientation with respect to the ZIO 

resulting clone contained the gene m 3 to 5 onentat 

promoter. 

■ *i 7snnt consisting of the Z4 mid-repeat 
insert of appro.ma.dy 750 n., co,.,s g 
to>ugh.he3'noncodmg(asd=scribedinExamplelforpSPZ4R3) 

7 . . OSPZ4R3' with Sacl and Sail, which ou. in .he po.yh^er sequence. 
' ' roxI^.S-'edwi.hSaUandXhoI,andsinceXho,andSalU,.^^ 
The vector, plOX, was mgesie ^, 
compatible ends, this resulted in directional clonmg of the Z4R msert 
onentation with respect to the ZIO promoter. 

. 1 1 Q7AV containing the Z45' sequence insert (see 
10Z4£: An intermediate vector 1 19Z45 , contaim g 

• p .n,nle n was first constructed using the pUCl 19 backbone 
SPZ45' construction, Example 1) was 

(Sambrook et al., 1989). 

, ^ t 1 n745RN was constructed by movmg the Z45 
The final construct, lOZ45KN,wai. r»,mHT 
. pir«t 119Z45' was digested with BamHl 
• A. ^ 1 1 0745' into the plOB vector. First, 1 IV^^^d w b 
msert fi:om 1 19Z45 into m v . , or was nreoared by digestion 

, • o 970 hnfraement. The vector, plOB, was preparcu > 

and PstI releasing a 27U bp rrdgiuciu 

p 1 0Z45 ' , containing the Z45 insen 
ZIO promoter. 
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on . nPr531- DDRG530andpDRG531weremadebycuttinga 

^^^''^ 960 bp from SPZ4Ent and filUng m the ends. The vector 
fragment of approximately 960 bp from S ^ ^^^^^^ 

was a Z27promoter::Nos 3' region constmct m pBSK( ) wh 
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Q^fV. tVip vector and insert were 
Ncol sue between the promoter and terminator. Both the 

. . and heated Clones were identified with the sense onentat.on of the 
blunt-ended and hgated. ^lon the 74 DN A sequence 

. r,PG531) and the antisense orientation of the Z4 UNA q 
DNA sequence (pDFu53 1 ) anu 

(pDPG530). 

EXAMPLE 3 

once an expression cassette cotnpttsing a preselected antisense DNA 
^ctandapto^otct— nnap,».s™-.-^^^^^^ 

..P.e.t.ee..s— 
nf the eenes encoding the ly K^'^) 

e;"sLnca3Se..escon,prtsin.tHea„.,se.seOK.se<,uenceswetesc,ee„e^^ 
standard hybrid arrested translation, as described below. 

. .■ All reaeents form WW transcription were obtained from 
^^^^gjjuslisn. All reagents tor 

~-'-Tti:r:i=— --^ 

^odificattonswerentade.a^^ -^^^ 

r:::=::r;:.w».eswe.d....wi.xbouors. 

;lnpt.o„,andwithBs.nforT7.ra„scription.,n,lessot.erw.senot«.. 

Twentynticro^sofDNAweredisestedtnatotalvolumeo 

,.,.A.ranal.,.*uots.rco™pletedises.ioM^^^^^^^^^ 
p,eno.ch,orofom, and chlorofom,, then prectpttated wth 0.1 olum. 
acetate 2.5 volumes etbanol. After washing wtth 70% ethanol. pellets were 
resusp^dedinlO,! of sterile, RNase-free water. 



20 



25 



10 



15 



64 

, , Ancrftawiag all reagents a. room icmperamrcmasle, 
T««to— After.-. resulted ,„ 

t„„scnp.,on mixes were prepared, exc.ud „g 
.eater .eldu„.ron.,t,or,.ereac,,o„.Porea^^^^^^^^^^^ 

,„„,„„e„.s were added to 5 „ "f-"; ;';f , „,,^„„„„„, KNasrn 
(^KNAsei,*tbi.orsuppl,edal40U/p.), . i„,„balrf a. 37-C 

!lwere.e„,-a.3,...^^ 
precipitation of the transcnpt. Extraction, p 

::r;:e2;Lcnpt u^^^ 

:;l!texpec.ed.ransc„p.s,.ea.dtKe.rn.o.,U.,o„„a.,veseU. 
,„..toa.»ea,.dereo-edte„pe.»e^^^^^^ 

"^"'^ „ transcnpts were heated to 65 then kept at 

Before anneahng, all transcnpis 
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. u ,r .h.t 10 ul of the reaction could be translated 
,„ v„™. and .he remam.ng 10 ^ 

was generally useful for analysing the e«ent 01 
Jnp.s,an.correla,e.we.lw..h.hehyh„d.ransla.,onresu,.s. 

^'^^i''^^^'^^'"''^ rt^I^^^O ENT iranscripts was performed 

Translation of both Z4EN1 ana AX .,,h„„„h 
. , e^WsateandrabbitrehculocytelysatesystemsCPronrega,. Although 
"''"^"'■=^'^™':rdlt*leprote.nwhenthepro.„ctsoftransla.,onwere 
both systems produced detectable p *Hit reticulocyte system 

.^ly^bySDS.PAGEandau.oradiography,.he abb r.^^^^^^^ 

.anslafed both the Z4ENT and A20ENT transcrrpts more efT.crently 

Xranslatronofthe annealed samples wasperformed,„v.,.usi„ga 
„_J:bb,tret.culoc.elysa.esystem.^^^^^^^^^ 

..usedtofabel^e — P-^^^^ 
performed essentially according to the Promeg p 

described below. Qn«;-PAGE, 
.a„a,y.translat,onproduc.r^ho.— 

----InggelandlS^s.^^^^^^^^^^^ 

„crerunonaHoeferapparan>s,at35mAw,t ^^^^ „^„i„„ ,„ 40 pi 

S^pleswerepreparedforelectropho.^^^^^^^ 

"""Cr— Ue.«remcubatedfor30mm.^^ 
:;=n::asolut.o„ofl.s^.-^^^^^^^^^ 

:;:;:::ir::::^ 
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„smg mtensifyins moreens (L.fcWmng ^^^^^^^ ^^^^^ densitometer, 

aeve,op,ng, the ge,s were scanned us.ng an LKB 

and the data was comptled and a„a.,.ed„s.ng the Max, 

ehromatographic analysis (Waters Co.)^ prized nlasmids containing 

,.eresn,tson.*o— 

e.ec.so.ant,sense 

v«„ transUtion systems could be us«i 
„„3.ruc.son.ra„s>ati„nonhe.,ngenes.Bo.h^ ^^^^^ 

--^--"'^:rer:::— ^^^^^ 

fl,e Z4ENT transcript .mo the ,„ „„duee the mature zein. resulting 

,eZ.preprotei.remov.ngthesignalp.J^^P^- 

,„.proteinofapprox.mate,ythesames^^* 
.^slattonortheA^OBNTtranscnptw^^^^^^^^ 
, .ran.at,on„rthe...T — 

- — '"^■"t^I^transcriptdidnotcon.ainS'noncodh.gse.uence. 
-—■^™^"rZ4BKra.dA20EKr transcripts wasperformeaasa 

r::r.r— e«ustng.thco.ra„^^^^^^^ 
possiblemeansoftnereastng ^ effieteney was observed 

JO posttranseriptronal procedures. No tnerease m 

with either method. .j ,„inii Z4ENT sense 

.^scripts »d Z4ENT anttsense „f 
conditrons. A titratton expenment was „ „f 

antisense.ense.ransc.ptsneed.tocome^*^^^^^^^^ 

anusense transcript were added to I, 2, ^^^^.^ 
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antisense:sense in the annealing reactions, were 
also, and so this ratio was used for later experiments. 



found to eliminate Z4 synthesis 
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TABLE III 

Effect of Increasing the Ratio of 
AntisMseioSMseTim^^ 

% Reduction in 
Z4 Synthesis 

Ratio 



T^nscripts 
Z4ENTS 

Z4ENTas/Z4ENTs 
Z4E]Srras/Z4ENTs 
Z4ENTas/Z4ENTs 



na 
1:1 
2:1 
5:1 



Range 

na 
55-63 
84-85 
100 



Mean 
na 
59 
85 
100 
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Experiments were also done .0 detennine whether the radiation 
dose/ftUn expos,., plot was sufficiently linear to allow quantitation of protein us.n, 
laser densitometer readings of the film. To test this, the amount of ex^t loaded 
per lane was varied over a 25-told range. Results indicated that the dose/response 
plot was acceptable over a 10-fold range only. Densi.omet^ of the autoradiograms 
.ndicated that an overmght exposure of gels to film produced a meaningM dose- 
response curve, but that longer exposures did not. 

Having established a basic protocol using the complete, perfectly 
complementary Z4ENT sense and anUsense transcripts, a sertes of expenments was 
vitiated to compare these results with the effect of antisense transcripts made from 
constructs containing only a potlton of the Z4 transcnptional un,, as well as w«h 
anfsense ..anscripts made from const^Cs containing all or portions of ti,e A20 
„ansoriptional unit. Data was comp.led fiom seve«. hybrid arrest of translation 
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expenments, all perfomied using a 4:1 molar ratio of ant.sense:sense transcnpt, and 
all incorporating the Z4ENT sense transcnpt with no antisense transcnpt added as a 
negative control (representing 100% synthesis of Z4, or 0% reduction in Z4 
synthesis), and the Z4ENT transcnpt with the Z4ENT antisense transcnpt added as a 
positive control (representing 100% reduction in Z4 synthesis). A lambda transcnpt 
and a polylinker transcnpt were used as controls. The results are shown in Table IV. 

The results are shown in Table IV. 
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TABLE IV 

Hvhrid A' -'-'"'^p^ Translation 

Compiled Densitometer Data for 
Reduction in Z4 Protein Synthesis 



Antisense 
Transcript 

Z4ENT 

Z45' 

Z4R3' 

A20ENT 

A20R 

ZlOE 

lambda transcript 
polylinker transcript 



Mean 
T?p.diiction(%'> 
100 
80 
75 
81 
59 
42 
32 
0 



Number of 
Experiments 
Performed 

5 

3 

3 

3 

2 

2 

1 

2 



40 General conclusions about the results can be drawn by summing the 

entire data set to generate a single rough consensus for efficiency of the antisense 
transcripts in effecting shutdown of Z4 synthesis, which are as follows: 
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Z4ENT>Z45' >A20ENT>Z4R3' >A20R»Z10ENT>lan.bda> polyl.nke: 



mplementa^ transcnpt, as expected, is most 



This data indicates that the entire co 
efficient at reducing translation, and that antisense 
translation initiation sequence are generally more 
to the downstream coding region. 



transcripts annealing to the 
efficient than transcripts annealing 
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P|-»riiiyfion Reagent 



,„ order to screen for effects of antisense gene expression on .etn 
e,press.o„leve,si„transfo,™e.ce«Unesa„dp.ants,po>yc,ona,ant,bo.,esre.^^^ 

r otKthe..se.ed...nsandwitMotaUe,nswe,eprodnoed. Mttsens^^^ 
Lcted»dp„rif.edasdescri«.e,ow.eforeinocu.ati„n,„torab.,tsand 

subsequent antiserum characterization. 
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A AntifTfn purification 

""^^;:;;;;;7wereobtainedbyexttactionofthe,naize,nbred.tne 

BSSS53 U, this procedure. 4 grams of dry Kernels we. g^und to a fine powder ,n 

BbSS33. ui i- -.t ,t„i;<,„f acetone w til stimng, 

aBrauncofreemill,defattedbyincubafonw.thl5ml/gofacetone, 

o:l,nntesa.roon,t™peratnre.rbedefattedn,ealwastbenr,Ue^^ 
B„cl»erfttnnelar,dallowed.odry. TWO extractions with,O.UgfO.MNa^^ 

„eretl,e„perfor,ned;t.e,n,xturewass,i,redatroon,ten,petatnre.r~^ 
before filtenng as above. F.nally, two extracons were perfonned o *e ^ 
,0 „l,g each of 70% ethanol % BME, for 60 mtnutes each, at room tempe at re 
::;.Uxhee.ha„olcxtrac..to.al,ngSOm,,were.o,edand.^^^^^^^^^ 

3 0 45 mtcron filter before redfcng the volume in a rotary evaporator (Rotovapc 
; ..BuchtCorp., Bvaporat,onwa.perfo™edat«X,anda«erapp— 

45 minutes the volume was reduce to 20 m, of solutton. whtch had a cloudy 
a^p:lc.Th,sso,utionwasd,lu.ed.o40mlwithsteHlede,on,.dwa.erbefore 
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■ oht of -^29 niR was obtained, and a 1 mg 

,a„p,c was weighed ou,, resuspended ,n of ^^^^^ 
«as ,.a„U,a.ed *e Pe.e.o„ assa, (Pe.erson, .979 T e 

chained. Samples co„.a,n.„g a range " ^^^^ „ 

Coomassie blue stammg of gels (b ,„22kD, 16kD. 15 kD.and 

10 kDzeins all present m the expecteo pi h 

.ed as fhe anUgen ,n ,a,s,„g of polyclonal sera aga,nsUc.U.n^^^^ 

• n Q/99 kD zeins) were extracted trom me ma 
The a-^ns (.9/22 kD z ^^^^ ^ 

,i„e A654 seed as follows: 6 gra^s of dr. .ml J 
,,„for.o.al.e,ns,^™whlchappro— S^^.g^^^^^ 

„f.hedryweigMof.hesan,ple Topnnf, ^^^^^^^^^^^ 
.^plewassubiect^dtopreparauv Sm^^O ^ ^.en boiled for .0 minutes .0 
o^resuspendedrnSOOplofsanrple^^-BM^. 
.n..na.eag.egafesbefore^™un - 0^- 

"^'^^^"T:; cr.oTh >:cn.wide,wereusMto,«proveres„.u^ 
,1. E.«alongp Ues(2 

After runnmg a. 50 mA eons» ^ 
ovemrghi. Proteins were vrsuahzed by s, „,ng ^ 
approxima.elylOminu.es. Bands m .he .9/22 kD range 

. . SDS «1 running buffer until the gel pieces appeared clear, 
washed mSDS gel ™nn ^ ^^^ „ dialysis tubing. An 

was saved, gel p.eces were trausferr d 

— ""■^""rlT eX^ubrngwassealedw^^^ 

----7'.""*;p::usw.h.bec^ 

placedinaBioradmrn-subgelappara. was added .o 

w,.hrespec..o .he direction of elec.ropho.es,s, SDSrum. 
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,„c level of .he tubing, and elufon was perfonned a, , 0 n, A oven-.^h.. The 

„s.e..ve..hnen..he„,he.rre,,.ide.hea,a..^^ 

.Hh.he«se.eah„.e..o.,hel„.aUelsUcewashesa„da,a,.eda^^^^^^^^^^^^^^^ 

of ae,o„.ed wafer, chan.ns .he wa.e. f.ve ..™es over several hours. The d a, s«e 

v.. ,yophih.ed, .he p.o.e.„ was <,ua„.,.a.ed, and .hen exan.,ned for pun.y h^ SDS- 

PAGE and silver seining. No con.a™ina.ing pro.e.n spec.es were v.s.ble, and 

purrfied an.igen was used .0 .nocula.e rabbils for polyclonal an..body 
prodUn.Tbe.o.a.3n,o„„.ofpurir.ed„-zeinob.ainedfron,.hisprocedurewas 

10,9 mg, resulting in a yield of 31% for the procedure, 

B Apti|..r| preparation and mKMa 

A .oBl of six New Zealand whife rabbi.s were used for ant,body 
product.on,Threewerei„iectedwithpuHf.ed„-.in3.a„d.heren,a.n.ngtt^^^^^^^^ 
,cc.edw,.pur,r,ed.o.aUe.sasde.nbedbe,ow, Twoofthes,.ra b.we. 

seated using the t«di.ional Freund. complete and ineonrplete adjuvant, and the 
remaining four were ttea.ed wi* a syntotic adjuvan., as described below. 

Both «- and toul zeins were weighed, resuspended. and heated to 
65X.ocon.ple.elysolubili.the.ins;0,5mgofpuHr,eda.e.nor,,0rngon.. 

«inwasre^endedin60mof70«/.ea.a„oU„reacbrabbittobe,niectM.Rabb.. 

1.3 received total zein as the antigen, and rabbits 4^ r^eived purified a-xe.n 
antigen Fo, rabbits, and 4 (desi^ated IF and 4F hereinafter), 440 pi of 

„ . ./WTween 80 Sigma) was added to the zem 
PBSrtween (phosphate buffered sal.ne/2 /o Tween 80, b gm , 

solution, then 500 pi of Freund. complete adjuvant (Sigma, was added and 
.ubes were vorte.ed vgorously. The remaimng four samples were made up as 
lows: .oU,e.0.1ofpunr,edor.o.lzeinsolut,on.50,ofAV« 
...hetie adjuvant ,.omKodalc)n,adeup.nl00»/.e.bano,.ol40mg/m,, 0.1of 

imralipid 10«/, fat emulsion (Travenol), and 300 pi of PBS^ween were added^ 
bursts (Ultrason.cs, Inc) to ensure complete emulsion before injeCon, 
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samples were adm.nis.ered ,n ,00 ,1 al.cuo.s ,„,ec,ed a, muU.ple 
, R„nsis were administered every three weeks, 
sues aeross the back ofthe an.mals. Boosts were 
fouowtn. the procedure above for — „s ,.ec.,o„ . x p 
incomplete adjuvant replaced the complete adjuvant for rabhtts IF 4 
, of , Je boosts were adntintstered, in addition to the pnmary tnjectton Small 
5 ofthreeboosts „Main sera for mom 

,0 several consecutive large (50 ml) bleeds were performed. 
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' ^*1::^=an.sera.mmunoreac.W...and..ter,tota,.inwas 

,,,SDPAGE~.wia.-serad,lu.ions.onr...50.oU000tested. 
assayed by SDS PAQ 

The basic procedtire was as follows. 51)0 ng , . ^ „„ , , 5% oinigel 

, u ff r/9./ BME boiled 7.5 minutes, then loaded on a 15 /. mtmge 
"^rrT^^— ularwe,gb.mar.ers(BR.,ipa.t™^^^ 

T To V o r — 

:„mi„u.esbeforebeingover.aidwi.hapreparedmembra.e^.^^ 
, ohilonP) Preparationofthememhranewasperformedbynnsmgw. 

'i:;:ld,ntothema„ufacturer.srecommendat,ons,before.^^^^^^^^^^^^ 
::sferbu.er.Proteinsweretransfe„edat.Vfor.O— 

,..roblotter,,deaSc,ent,f.c,. ^^^^^^^^ 
in WnBSA/PBSforonehourat37 LonasndK v 

in3/oBbA/rDo ^^iprular weight markers, and 

,,,,,„..strtpsbycntt,ngatlan.con— 

• u ^.,ityl 1 0 ml of test antisera ot the appropi 

incubated with lu mi 01 .tntaWein After removal of 

wellaswtthcontrolpolyclonalantiseradtrectedaga,--^^^^^^^ 

^Krcnp strios were washed m ix rea, lui 
the primary antisera, membrane stnps we 
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. the secondary antibody. The secondary antibody 

..hes,berore.ncubat— 

.nststedofso— 

Perry Laboratones), dduted UOOO m 3 / ^^^^ 
_te.peraturewUhsha.n.stnpswerew^^^^^^^^ 

------ 

complete, approximately 2-5 mmutes. K 

in deionized water. era from all six rabbits displayed the 

T^eresuUssbowe tba .ft 

i^^^olabelled only the 19/22 kD .e,„ . 

,„a,i., of the gel pttrified artt.gen was at leasU^g .^^^^ 
„f SDS-PAGE, since antibody producon wo Id a^. y ^^^^ 
„e„.ofeo„tami„a.ionw,d,otherpro.m^^^^^^^ 

ftom rabbits .F, 5. and 6 exhibited reacfvrty w,t^^^ ^^^^^^ 
p^portiontotherelativeamountsofprotempres.^*^^^^ 

r.u 07 vn 7ein very Strong labeUng 01 ulc a 
— "'^:L,L«.ns,a„dslish.label.n,ofthe,ess 
zeins, moderate labeUngofthel6and 

abmdant 10 kD zein ,h3„,erized by performing 

Thettteroftheanttserawas 

i™,„„„labe,lingofblotswithdilutionsr»^ft»^^^^^^^^ 

^^^^^^ 

thecorrespondmgseraathtgh since the expected immunoreactwr.y 

i-asedatseradtlntionsoflessOtanl.^. 

-^■'=^<^"'^'"^t*lirotelatd.,nt,onsofl..20O0 
„sed for fttrther analyses. Testmg ^^^^^ 
be indrcaled if sera conservation >sdes,red,s, 

not tested ,n these expenments. ^ f„„„„. 

The total amounts ot sera ouiaiu 

r .bbttsl 4and6,and80mleachofserafron.rabbtts2,3, 

40 ml each ofsera from rabbits 1,4, an 
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5 



;™™„o«.c.ivi., pronles appeared ,o be s„gh y ^ ^^^^ 

the 10 kD zem in the case of sera trom 



EXAMPLE 5 rnnQtructs 
: a:.T.e„.>»e.».e— .ec.e— 

— t«rrr-3.:..o.ope...,-.e.,„s.^ 

containing the Lauiiuowci 
polyadenylation sequences from the nopa yn 

,„.,„.».<— 

V, =«SS80 and PCT publication wo 95«bU6,u 
Palen, No^ 5,538,880, P „nra„sfonued cell Imes 

.ncorporaled by 'ef-ce^"- ^ ^ . ..cnbed 

can be accomplished by cmploymg selectable 

"^'^'""""'^ ..epresenceortheanttsenseDNAseCUencetntransfotmantswas 
Thepresen Thesequenceofthe 5' PCRpnmer 

verifted by polymerase chain reaction (PCR). 1 
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r^r^Knr rciFO ID N0:5). The sequence of the 3' 
PCR primer was OCAAGALCU , , „ .i,„toes in transfomranls 

eon.a,n,ngpDPO380a„daDNAfragme„.ofal,ou.s,zel. 

Transformed C.us Unes contamin, anUsens. DNA sequences 
opera.,.i^..oa.Opromo.er«r»s..o.^^^^^^^^^^^ 

selective agent, or cells mam r„ exemplarv 

applicauon Sena. NO.08 594. _ regulators. A 

-----r::— ^^^^ 

Mediaimprovememmmescand y ^^^^^^^^^^^^^^^ 
„Us a. specific developmental -^'^J^^ , p,a„. 

morphology ofthe tissue IS sui cultures were 

---omed.acondnc.ve.oma.^^0— ^^^^ 
transferred every Wo weeks on lh.s medrum. Shoo 

„af„re m,o p an. Deve^P SP ^^^^^^^^ ^^^^ ^ ,3., 

and hardened, e.g., an » ^ , 

-- — ^":t!trllchamheror greenhouse. Planrswere 
were preferably matured either m a grow 
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, K „, 6 weeks to 10 mon.hs after a .ansforman. is iden.if.cd. 
regenerated from about 6 weeks 

.ependr.on,.e.,t,aUiss„e.0.n.re.enerto^^^^^^^^ 
.ed.ar..s.ec*re,esse,s.«.^^^^^^^^^^^^^^ 
a,shes and Plant Con's^ Regenera.rng pl^. 

,S"C. After the regenerattng plants reached the stag ^^^^^ 
„ent,.hevweretransrerredtoagreeno^^^^^^^ 
Rv oroviding fertile, transgenic offspnng, on 
. rldin nranipulations. .ove a selected gene ,0. one com hne 

"""''^Trel"!— 

into an enUrely difterent com ^^^^^ 
„an,„lat,on.Mo.e.nentofgeneshe.w— 

.reedrngindttstryanvolvlngstrnplyhac. 

.y Other com gene and can be ^ ^^^^^^^ ^^^^^ ^^^^^ 

, a. nDPG340 and pDPG380 and crossed to mbreds AW 

CN, according to Tsa. „_.,o,tt,anol and extracted at room 

.spendedln0.mnO./.ethanoU%P— 

.emperat.efor30m.hutes,o.^^^^^^^^^^^^^ 

;r 1 p.o,et„s were resnspended ,n 50 .1 SDS 
proteins wa. removed and dned. Zemp p„,einwas 

, A. ,,,1 loadine buffer contaming 1 /• p-mercapi 
polyacrylamrde gel loading .,i„ed with Coomassie bine. No 

. A „„ <jr>S Dolvacrylamide gels and stainea wi 
separated on SUb poiy^c J „ „f i o kD and 22 kD a-zem 
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A„,ys,sof,hca™noac,dco.pos,uo„ofZ,0.a.us=nseDNA 

'^"TTrrrts. .„ese.a,.,.S3;AACC,..«,. Re.Usa. 
described m JarreU et al., ^^,„,,„ 
j;„T,McV Data was analyzed by t-lralsanu 

transformed and unlransfonrred kemels 
,,^,f,ea.ce. Tr— andun— ed. 

>eve, of leucine only was s.a.>s.,ca., ^^^^ of 

OO0.>.^e>eve,of.ys.ewass.«.ca«ys,^,f.-^^^^^ 

^^•-r::rrf:r^^^^^^^^^^ 

Theseresultsareexpec.ed>fexpress,onof<. ^^i„„,^,d. 
„.sfornran.sandexpress.onor„.erpro— 

„.Zein proteins are rrch in ieucine residues and m^o ^^^^^ 

fr^Hncedexpressionofa-zeinprotems, the leve 

lysine levels in the kernel. 

expression and increaseaep .ue seed Similar increases in 

maize (DiFonzoetal., 1988; Bass etal., 1992). 
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TABLE V 



10 



Transformant 

DD015 
DD021 
DD038 
DD018 



Lysine 



.>,i> 



Leucine 



15 



20 



25 



Transformed 

1.96* 

2.13 

2.40 

2.13 

1.96 

1.82 

2.74' 

2.30* 



Untransformed Transformed 

175 ^^-6^ 

2.09 15.90 

2.03 16.97 

2.00 12.66 

1.96 15.87 

2.43 17-57 

2.15 1319 



Untransformed 
13.97 

14.50 

17.90 

17.75 

13.89 

15.73 

19.13 

15.52 



t tions are expressed as milUgrams amino aad per gram Of 
All amino acid concentrations are expre 



• A rnncentration is statistically significantly 



un' 



30 



p -< 0.05. 

EXAMPLE 6 

(Armstrong et al., 1991). post-pollmation. 
r .sterilized greenhouse-grown ears of Hi-U 1 1 > 

rr;::::— 

N6 medium contammg 1 mg/1 2." ^ 
0.5 g,, 2-(N.mo,phol,„o)e,hanesulfon,c acd (MES), 0.75 g/1 Mg 
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, H < 8 r#735 medium) Embryos were cultured 
sucrose solidified will. 2 8/1 0*0. P" 5 «<«"5 

i„ the dark for iwo .0 four days a. 24-C. ,„i,ryos were 

APP—'^'°"""''7, lecouce„lra„ou increased 
„^.,rred.o.heabovecuUuremed,umw,.H*es" 

.„3..on.. W.euem..osw..— 

.hey were a.a„ged in concenmc circles ^^^^ 
„nhedlsh,pos,l.o„edsucM.a.Oieirc— ^^^^^^ 
center ofllie dish, usually «o concenmc circles 

ao,dpanlc,eswerepreparedco„,a,nin.,0.P.PO,«(descriW 

,„,S.Pate„lNo.S,~ai...O.^^^^^^^^^^^^^ 

:!rl-l.ardmc„.cHamber.The 
.he.oUom,3cm.e,ow..es„- 

Embryos were allowea lo ic 

"> °' ,,,„«d .0 recover on high osmoticum medium (735, 

"r«-were.hen„.nsre,r..ose,ecaon 
n%sucrose)overmgh.(16-Ml' , „g„Wa,aphosor#750.735 

^ediumcon^ning. m8/.b*phos( "9, J „,„.,„ed in .he « a. 

p.-- — -^•t:t"-*np,a.esahou.,0..or.he 
24C. Afterteeelofourweekontheinitia 

-wassuhcuhured 

containing 3 mg/1 bialaphos (# /^S)- ..758) Transformants were 

1 «ntr. fresh selection medium (nno). 
ahou. every two weeks on o fre h ^^^^^^^ 

eonfimied using PCR analysis to ' ,^,,„e ,n 

pnmers used to confirm presence of the ^, 

.^.formed tissue ^ ^ cAG 3' (SEQ ID N0:7,^ 

(SEQ ID N0:6) and 5 TAT CLL, ^ 
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• f nPrSlO and pDPG531 transformants produced a DNA 
PCR amplificalion of pDPG530 ana pur 

,ege„era.,o„ cu.»e med.™ (MS cu ure m ^^^^^^^^ ^ 

luing ftom crosses of hemizygous Z-27-— 
.en,e,s. F—r e. seed resu^ S ^ 

,a„sto™an,s to un^ansfonned „br=ds res. ^^^^^^^ 
phenotype in correlation with the presence of the 

™""™^^Zeinpro.einswereextractea,.n,.a.u.e.en-e,s,.n.n,ai.p.ants 

■T , ds nDPO530 and crossed to inbreds AW or CV as follows. 
«„,sfonned wth plasmtds pDPO530 an 

f ^«.,nr1 kernel was suspended in U.D mi ' v / 
Fifty milligrams of ground kernel ^^^^^ 

p..ercapt„et^o,ande...ctedatr.™.™^^^^^^^^ 
..esa.p,ewasvor.e.ed,cen...^^^^ 2 

areresuspendedtnSO^lSDSp ,^Me gels and stained 

p..erca,oetha„o..-teinw.separa^oSOSp^y^ 

^LoLfo^antsandtsogentccon.— 
.ransfonnant. designated KP014, expresston of the 
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p„,ein «as a.o depressed suggesUn, ,ha, exprcss.on of an an„se„se DNA 
:.ee,„a.a.e.a,..ce.p.ss,o„ora.U.ra.Wo^S^^^^^^^ 

3,„„,„eau«,on,n.7^wasa,soo..™..^^^^^^^^^ 
,0). ,so.en,ccon.o,sw.ese.e.a.,„. ^^^^^^^^^^^^ 

^^^^ 

»^Hv overall orotein staining by Coomassie blue on p y 
lines as evidenced by overall proi „^„.„^.2 mutants, but 

R ^Fieure 7) Reduction of a-zein synthesis is observed m opaque m 
gels (Figure 7). ^ „ expressing maize transfonnants. 

the reduction is much less than L 

It is contemplated that antisense repression of zemprote yn 

..theseedisaresultofreductionintheamountofzeml^Apresentinthecen^^ 

in the seed IS a Northern blot analysis was completed 

consequentlylesssynthesisofzemprotems. 

r::—::— ^^^^ 

:;r,;rle..o„™a.e.e™,s..a.a«.po«^^ 

-------- rrr— 

ILL Ls which showed no^a, leve, of .e,„ synthesis. Other lanes 
un^ansfonned seeds ^^^^^^^ ^^^^^^ ^^.^ 

Oighler signals) coirespond to kernels mai 

L:.heopa,nepheno..einseedseonta,ning.hee.press— ^ 

Analysis of the amino acid composttton of Z27-ant,sense D 

. I, Amino acids were extracted fi-om mature kernels 

1 10°C. Samples were diluted to 50 ml ana 
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Jones et al., 1983, AACC, differences noted 

,evelofs,gn,fica„ce. Transform ,^ „„i,„,any significantly 

,rega„.sfton.a.r«dinspopu.aUon.L^^^^^^^^ 

.creased ,n aU kernels analyzed fton, .he KP .5 »d KP 

increased in fonr of six kernels analyzed from toe KPOH « 
W.ne was mcreased m 

As expected lencme levels were decreas ^ti,,„,eZ4DN A sequence 

, ,d Thesedaudemonstratethatexpressionofananttsense/, 

analyzed, ineseudi^'^ .^tUiP^ofa-zeins present in 

,„ansfo™edm.zeke™elsoansesred— -^^^^^^^ 

reduced. Furthermore, the observed decrease 
kernels with an opaque phenotype. 



sej 
inc 



83 

TABLE VI 



Transformant 



5 KP014 



10 



KP015 



15 



KP016 



20 



25 



Lysine 



Leucine 



Transformed 

2.60* 

2.85* 

3.09* 

2.94* 

2.60 

2.45* 

1.90* 
1.92* 
1.48* 
1.43* 

2.10* 

2.17* 

2.66* 

2.76* 

4.65* 

4.51* 

3.91* 

3.98* 

2.47* 

2.48* 



U„.™.fon.e. Won^ea U^-fo^eO 



2.08 

2.22 

2.40 

2.45 

2.56 

2.08 

1.02 
1.02 
0.94 
1.01 

1.52 

1.54 

2.03 

1.81 

2.14 

2.31 

2.22 

2.36 

1.76 

1.70 



13.94 
15.03* 
15.66 
15.27* 
10.08 
9.21 

3.85* 
3.86* 
4.44* 
4.32* 

8.58* 

8.95* 

14.16* 

14.68* 

11.01* 

11.26* 

12.96* 

13.29* 

9.60* 

9.70* 



16.85 
17.08 
18.14 
19.14 
14.95 
10.58 

7.80 
7.98 
5.87 
6.26 

11.90 

11.65 

20.37 

18.66 

21.32 

23.28 

23.99 

24.06 

16.55 

14.83 



30 



35 



f m,.d kernels that are statistically significant at 
* Denotes differences fi:om untransformed kernels 

the o< 0.05 level of confidence. 

, , iQSQl A reduction in the number of protein OOQ. p 

Larktns, 1989). A ed ,„rf„™ant was observed 

endosperm cells denved from a Z27pron. , . ,,i,,„,e that «-zein 

„„(Fioure9) This observation is further evwci 

by light microscopy (Figure 9). ,„^f„rmants. 

synthesis was reduced in the Z27 promoter-antisense 
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EXAMPLE 7 

.passion has .een descHbed (.apC, « a , ^^^^^^^^ ^ ^^^^^^^ ^ 

DNA«pr«s>on cassette, ^ ^ expression in a mamer 

similar to that descnbedm Example 

expression cassette. oromoter-Z4 sense coding 

• . t^r nDPG531 compnses a Z27 promu 
Plasmid vector pDPO^i „dpG531 differs from 

*u cVreeion expression cassette. pUfUD^ 
sequence-nopaline synthase 3 region ,o the Z27 m the 

pDPG530inthattheZ4codingse,uenceis e^^^^^ ^^^^^^^^^ 

• • „r>PG531 is capable otoeing I 
opposite orientauon, .e., pDPW ^^^^ i„,^„eed m.o 

,.o«,e««..einp..e,n.P-asnn '.^^^^^^ ^^^^ 

„..ceUsasdesc*edinBxan,p.6^T™^^^^^^^^^^^,^^^^ 

-e-----":::::::Lsdesi.a.edAw,cv,andc.. 

.ense expression cassettes and crossed ,^^^Z2,.^ 
*'™"""'°"tCasr^ues.ainedpo.vacr,,arn,de.e,s 

sense transfotmants was compared on ^fonnants. Sample 

.,escriMpreviousiyinreference.o.a,s.of»^_^^^^^^^ 

preparation and analysis were perfomre ^ „„e represents zein 

.owsacoomassiehlnestatnedpolvacry-^^^^ 
proteins extracted itom a single seed of a seg J S P ^ ^^^^^ ^ ^^^^^ 
^ sense expression cassette — ' ,3 19 represent 

---*--!:::rlX-KQO.O. l.anes,t.ong.. 
seed derived from a second transto ^ ^ , g ,4 15 represent sense 

,,,esentn„tr— d-.e^^- 
expression cassette transform 
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^^^^^^^^ 

r:;r:rrr:::-.--«'--»-- 

phenowe, and a reduc.ion,nZ27.ein levels. 

,„„rder.ofu«herde.e™inewhe.her.hephe„o.ypeofZ27 

f a„,s was similar .0 antisense .ransfonnants. lys.ne and 
p„„„,e,. Z4 sense .anstorman. w s - ^^^^^^ 

,e„ci„e concent™ Uons were analyzed ,n seed denv^ 6 

. were analyzed as described in Example 6. Inonetr 

"to rstL and leucine levels were s,a.,sUcaUy .Ke same in rsogemc 
designated KQ018, lysme ^ ^ ^^^^^^^^ 

,0 transformed and untranstormed se«i. H 

KQOU, iystne levels were statrsttcally — ^^^^^^^ „ , „ 

— -r:r:— duceasee^ 
15 observed in antisense transformants. 



EXAMPLE 8 

^ method for increasing the metlriomne content of seeds involves 

^ I tissue culture w,th a ze,n sense or antisense DNA se,uence 
cotransformmg marze ttssue ^ 
,e...erA20orZ4,andaDNAse,ue„ceco^nngag^^^^^^^_^^^^^^ 

„i„ u is known that the 10 kDzemprotetns are ncn 

" f A20 and/or Z4 zein proteins comhmed w,th an mcrease ,n 

,„ expresston of A20 and/or P ^ ^^^^^ ^^^^ 

expression in the 10 kD zein protetns ts hkely to 
iuorease in total wetghtpercentofmethtonine in the seed. 

„orsense..Ase,uencescontam,„gaONAse,t^^ 
eomp,ementaryorhomologousto«Oand.orZ.haveheenpreparedasdescr.h 
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, DNA sequence co„.ai.ng a ,ene encod.ng a .0 H> prote.n 

•u ^- n<; Patent No 5,508,468, which is hereby 
was prepared as descnbed m U.S. Patent No. 

din, a 10 H) zein protein were prepared as described ,n Exan^p.es ^ 
sequence encodmg a 10 kDze P p,,a,tNo. 5,508,468. 

^a6.Me..seedswerege„era.edasdescnbedmU.S.Pa.entN , 

J 0 1 DAP^ were harvested trom a 

^^^-^rrc^:---" ---- 

segregating ear of the backgro ^i,, p^A was analyzed by PGR for 

.dWrd—™^ 
the presence/absence of the Z27Z1U ge 

.„.ernb.o..prob....anoU.n— — ^^^^ 

,.,„„„.era.d.eZ,0^.^^^^^^ 

expressed in endosperm tissue 01 r*. 

Seedscon.ir>ingaBNAsequencec„nUi,.n.U-e.O,^.e,npr<>re,n 

":Xr— econ.en.b.anr,noac,da„a,.,s,and,0«^ 

:;H:.rTere.apos.aveco,re,a.ionbe.een.O»..-^^ 
l,on,necon.en.™se.ra,™.ebac..ou.^^^^^^^^^^ 
.„.e„p,a.ed.haUf...nsyn*esrs,sr.u^^^^^^^^^^^^ 
.e,„ construes, expression of a transgentc ,0 kD ze,„ w 
conrenrofaseed. T.eresul,sind,ca.e.ha.ifi,.sposs,b.e.oe,eva.e.h= 
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, , h„„, 5 10 fold methionine contents m ma.ze seed ean be 
„,.el0.0.ina,l=asuo„-^^^ 

r::::::::::.^-e.n..ote.n.t.^^^ 
---"^t::— ^^^^ 

5 methionine in transformed seeana 

US Patent No. 5,508,468. 

• Ma.et.suecuUuresare— eawUHasenseorant^^^^^^^ 

nd a 1 0 IcD ze.n DN A sequence and a selectable marker gene. 
-^^^"^^ ^ DNA sequences are identified by PGR 
Transformed cell lines contaming both D^A seq 

V . for PGR analysis for both an 
The transformed cell lines positive for PGR anaiy 

.re used to regenerate transformed 
„andthelO.D.einDNAsequencs.^^^us^^^ 

plants andseeds,asdescnbedinExample.^^^^^^^^^^^ 

10 kD zein and Z4 (22 kD) using Western blots. Total me 
,5 seedisdeterminedasdescribedinExamples5and6. 

' . ..elOkDzemexpressioncombinedwithadecrease 

An increase m the 10 kD zei P 
,„.heA20 and/or Z4zeinproteinresultsinasignificantmcrease(up 

300«/o) in the total methionine content of the seed. 
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EXAMPLE 9 

^ofPMticiUarAmiim^^ 



^ TTnt of seeds is increased by expression of a gene 

The amino acid content ot seeab lb 1 

altered levels are desired m the seed. 



more desired amino acids, in a seed in' 



88 



• a .ense or antisense seed storage 
p„,eins have been repressedbyexprcss,onofase„sco 

protein DNA sequence. 

of a sense or an„sense DNA sequence. The MB ^^^^ 
,.„a..ans.en,cp«wUhreducede.press.o„of.«.P^^ 

p,,„,„asp— — -----^^^^^ 
.equence. -^'-^^^-^'^IZZ Z^^^^^^^ 

preferred embodiment of the present ^ ,ransfonned into matze 

e^presstoncassetteandartMBlexpresstoncas^ettea^^n 

l,taneous.orse,uen.ianvasdescribed,nB.amp.es.7a„d^ 

, ptasmid vector, dest^ated pDPG7S0. contatntn, an MB. 

. ^ The MBl protein coding sequence was 
— "TT:rt"orJdandAn,ma,Kesearcb,.sHcuUur^ 
3 obtained from Mary A. HeffordCCe ,,e DNA sequence is 

.aA.-PoodCar,ada^0.w.O .mOC 

disclosed ir. Beauregard etal., IV . ^ ^^^.^^ ^.^elieal structure similar to a 

---^•^":"tLCl(^edersenetal.,.«.omthe.3«>.et„ 
- endoplasmic — s.^.^ . ^ .etn-MBl 

protein encoding gene 5 to the " „ 
.equence was inserted ,n p.asm.d vector pZ2 - ^^^^^^^ 
.,..ntand.hcnopa,ines..h.^^^^^ 

;r Oneor^tlUnthcartcou.^ 
„ coding sequence, artd nos 3 reg ^ ^^^^^^ 

P'---- — einencodingsequen^ 
endoplasmic reticulum stgnal sequence, pr „„e„dinga 

protein of desired amino acid composttton. 
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duced into maize in conjunction 



The plasm.d vector PDPG780 IS intro 

•.n. a selectable marker gene, e.g., pDPG165 compnsmg the 
.Uh a vector comprising s e U ^^^^^^^^^^ ^^^^ ^^^^^^ ^^^^^^ ^^^^^^^^^^ 



/,argene. The MB 1 expression cassette is 



.pressed, M.en^aUve,,, -h. sense or an.,se„se ze,n eo„s.n,c, ,s 

encoded by the transgene. 

While .he presen, — has been descnW in eonneCion wi* 
jAereofi.wiHbeunders.oodmanymodif,cat,onsw,Ube 

,ep„fe.^e„bod^— ^ 
readily apparent to .hose sk,lle 

any adaptions or varia.ions .hereof. All palenK, P 
;Llsdesenbedheremarehereby.ncorpora.edby reference. 
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